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PREFACE 


As was the case last year, we find it noteworthy that our invited contrib- 
utors are covering more restricted area$ in much greater detail than they 
did a decade ago. We regard this as an improvement, and trust that those 
who are interested in the progress of the medical sciences and arts wll agree. 
We gratefully acknowledge the splendid co-operation of the expert people 
who have thoughtfully written for this volume, and also thank Miss Beryl 
V. Daniel, Assistant Editor. 


M.A.H. C.G.L. 
D.A.R. 
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INFECTIOUS DISEASE: RESPIRATORY VIRUSES^ 

By R. M. Chanock, M.D., and K. M. Johnson, M.D. 

National Institute of Allergy and Infectious Diseases, 

National Institutes of Health, Bethesda, Maryland 

INTRODUCTION 

Recent advances in laboratory methodology have resulted in the recogni- 
tion of at least 70 new viruses in the past 10 years. Many of these agents are 
difficult to propagate in tissue culture or other host systems. Problems in- 
volved in the isolation of many of these viruses have led to difficulty in 
delineating their role in human illness. Understanding of virus-disease rela- 
tionships has also been retarded by the ecologic challenge which certain of 
these agents present. Thus, some of the newer viruses are ubiquitous while 
others infect infrequently and unpredictably. It would appear that a large 
number of viruses are involved in respiratory disease. Many of these agents 
are capable of produdng a spectrum of illness ranging from mild upper res- 
piratory disease to severe lower tract involvement. In addition, each of the 
respiratory disease syndromes can be produced by a number of distinct 
agents. This situation poses a complex problem for investigators interested 
in unraveling the etiology of respiratory disease. Many of the recently rec- 
ognized viruses have interesting physicochemical and biologic properties 
which could occupy the full attention of laboratory workers; however, the 
role of these agents in disease represents the major contemporary* problem. 

Many current claims for associating newly-recovered agents with illness 
arc based upon inadequate evidence. This review will consider primarily 
those agents for which reasonable evidence of disease association exists. No 
attempt will be made to review comprehensively the influenza or adeno- 
viruses since they have been extensively dealt with recently (2, 3, 4). 

PROBLEM OF ETIOLOGIC ASSOCIATION 
The types of eddence required before a virus can be said to be etiologi- 
cally related to illness have been described in detail (5). Suffice it to state that 
the agent in question should be investigated in a controlled epidemiologic 
setting that includes individuals without illness as welt as those with the 
disease under study. Virus isolation and serologic studies should be performed 
in the laboratory in such a manner that the origin of the specimens, i.e., 
whether from controls or individuals with illness, Is not known until testing 
is completed. 

One of three basic approaches is commonly employed to establish a virus 
association with illness. The first of these, administration of the agent under 
study to human volunteers, often pro\idcs the most rapid means of obtaining 

* The survey of the literature pertaining to this review was concluded in August, 
1960. 
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preliminary evidence of pathogenic activity. Although volunteer studies can 
establish evidence that an agent is capable of causing respiratory illness, the 
frequency with which overt illness occurs during natural Infection and the 
relative importance of an agent in the total respiratory disease picture can 
only be answered by carefully controlled epidemiologic investigations in 
nature. Many opportunities for false estimation of pathogenidty are inherent 
in volunteer studies. Underestimation of virulence may result from attenua- 
tion of the agent during growth in tissue culture or other experimental host 
systems. Underestimation has also occurred following administration of an 
agent by an inappropriate route. Thus, minimal illness resulted from admin- 
istration of adenoviruses 'wa the nose or throat, whereas definite illness fol- 
lowed instillation of these viruses into the conjunctival sac (6). Overestima- 
tion of virulence can also result from the administration of an agent by an 
unnatural method; for example, attenuated live influenza vaccine has pro- 
duced lower respiratory disease when entry into the lungs was facilitated by 
instillation of virus in the form of a fine mist (7). 

The cross-sectional approach makes use of individuals selected because 
of a clinical attribute and studied at only one moment in time. Such studies 
can yield evidence of an etiologic association if appropriate controls are in* 
eluded) and if repetition of the investigatioD in other localities and at other 
times jdelds essentially similar information. 

Controlled longitudinal studies of the same population wherein all persons 
aith Of a’ithout Illness, are investigated at routine intervals can yield infor- 
mation of the highest order regarding the role of an agent In disease. Such an 
approach permits an accurate temporal association of infection and illness 
and a definition of the spectrum of disease resulting from naturally acquired 
infection. In longitudinal studies It is often possible to collect periodic serum 
samples, thus permitting correlation of infection and its clinical consequences 
with antibody status at the time of exposure. 

Systematic investigation of the natural history of viral respiratory disease 
is enhanced when all three methods are utilized. A well-supported, versatile 
laboratory, capable of identification and management of large numbers of 
distinct viral agents, has become essential to fruitful study of this complex 
problem. 


AGENTS 

Para-Ikfluesza Viruses 

Para-influenza viruses are roeinbers of the myxovirus family (8 to 12). 
They are medium sized (90 to 200 mji), ether-sensitive viruses which are 
able to agglutinate er>’throcytes from certain species. These agents possess 
a mucopolysaccharide-destroying enzyme demonstrable by its action on egg 
white inhibitor (13). Unlike the inflnenza xdnises, the para-influenza viruses 
grow poorly in the embrj’onated egg, a property whicn probably accounts 
for pre\nous failure to recognize these agents. The para-influenza \druses. 
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however, are readily recovered in primary monkey or human kidney culture. 
Although they produce minimal cytopathic effects during primary passage 
in culture, their presence can be recognized by the phenomenon of hemad- 
sorption (9, 10, 14). 

Members of the para-influenza group share common antigens among 
themselves and with mumps virus (15, 16, 17), an agent previously shown 
to be related to Newcastle (NDV) virus (18, 19, 20). In addition, they share 
with mumps and NDV viruses properties clearly separating them from the 
influenza viruses. These include the capacity to hemolyze certain types of 
erythrocytes, a larger size, and the absence of a serological relationship \s*ith 
influenza viruses (15, 21). There is also suggestive e\ddence that their mode 
of replication in cells differs from that of influenza viruses. The soluble anti- 
gens of para-influenza 1, mumps, and NDV viruses appear to multiply in the 
cytoplasm, whereas this moiety of the influenza A virus is produced in the 
nucleus (22). It would appear that the para-influenza viruses, together with 
mumps and NDV viruses, comprise a subgroup of myxoviruses separable 
from the influenza \druses. Members of the para-influenza family to be dis- 
cussed include type 1 (hemadsorption type 2 or HA-2) (9), type 2 (croup- 
associated or CA) (8, 23), type 3 (hemadsorption type 1 or HA-1) (9), and 
type 4 (M-2S) (10). The Sendai strain of para-influenza 1 virus will be con- 
sidered separately because its role in human illness is still in doubt. 

Role in childhood illness . — In a controlled study extended over a two-year 
period, types 1 and 3 viruses were recovered 20 times more frequently from 
children with respiratory disease than from control children without illness, 
indicating that these agents were associated with disease (24). In these 
studies the types 1 and 3 viruses were recovered from seven per cent of in- 
fants and children seen in an outpatient clinic for predominantly febrile 
upper respiratory disease. The type 2 virus has been recovered predomi- 
nantly from children with croup, and evidence for its association with dis- 
ease has recently been obtained (25). The types 1 and 3 \aruses, together with 
the type 2 virus, appear to play a most significant role in the croup syndrome; 
during a 2 J year study period 45 per cent of patients with this syndrome had 
evidence of para-influenza infection (26, 27). 

Infection of children with types 1 and 3 viruses was associated with a 
spectrum of illness ranging from mild afebrile upper respiratory disease 
to severe pneumonia and croup (28). When tested by serologic techniques, 
which are more sensitive diagnostically than isolation of virus strains, ap- 
projumatdy 20 per cent of children with respiratory disease severe enough 
to require hospitalization (pneumonia, bronchiolitis, and croup) had evi- 
dence of infection with these agents during a two-year study period (27). 

Although periods of increased prevalence were observed, para-influenza 1 
and 3 \iruscs were easily detected in the pediatric population during most 
months over a 2 J-year period in Washington, D.C. (27). Continued presence 
of these agents was in contrast to the epidemic behavior of influenza A2 and 
B viruses during the same interv-al. 



4 


CHANOCK AND JOHNSON 

Para*Jnfluen 2 a 4 virus was recovered from a college student with an 
afebrile upper respiratory illness, and during an outbreak of infection in a 
Washington, D.C., nursery in 1958 (10). ENndence for its association with 
respiratory illness is lacking at the present time- Recently, the agent was 
recovered from an adult with a cotdiike ifiness in New Orleans (29). 

The para-influenea x'iruses haw been recovered from children with 
respirator)’ illness in many different geographic localities. Type 1 vims was 
isolated in Denmark (30), England (31), and Japan (32), Type 2 \'ims was 
recovered in England (33), Panama (34), and Canada (23), while type 3 
vims was recognized in France (35), England (36), Canada (37), and 
Australia (38). 

Natural history of infection and reinfection . — Neutralizing antibody stud- 
ies with para-infiuenza 3 indicated that 50 per cent of infants in Washington, 
D.C. had been infected by the twelfth month and almost 90 per cent of 
children had detectable antibodies by the fifth year (27). These findings 
were consistent with the frequent recovery of the agent just described. 

Observation of the occupants of a nursery’ in which three outbreaks of 
tjiTeJ infection had occurred witlun a nine-month period yielded information 
bearing upon the natural history of this agent (27). Approximately 70 per 
cent of children undergoing their first infection (as measured by vims isola- 
tion) developed a febrile response which lasted, on the average, three to four 
days. One-third of primary Infections were associated wth lower respiratory 
tract involvement (pneumonia or bronchitis). 

Fifteen to 20 per cent of children infected during one outbreak again 
shed vims during a subsequent outbreak three to seven months later. Such 
rrinf ection was rarely associated with fever or lower respiratory tract involve- 
ment. The serologic response to reinfection consisted of two patterns: if the 
neutralizing andbody* dter was low a marked rise was usually observ'ed, but 
if the antibody level was high prior to reinfection, then it remained stationary. 
Andgenic variation was not responsible for reinfection since the strains 
recovered during the first and second infections were indistinguishable. In- 
deed, strains of para-infiuenza 3 virus recovered from different parts of the 
world during the past few years have all been shown to have the same anti- 
genic stmeture (27). 

Adult illness . — Eighty per cent of adults thus far tested have neutralizing 
antibody for t>’pe 1 v’ims (39), 65 to 90 per cent have hemagglutination- 
inhibition antibody for type 2 vims (8, 40), and all have neutralizing anti- 
body for type 3 virus (27, 41, 42). These findings are consistent with the fre- 
quency with which these viruses have been observ'ed in infants and small 
children. 

The ability of type 1 vims to produce mild upper respiratory illness in 
adults v.'as shown in a volunteer study (39). Twenty-five of 32 volunteers 
were infected following the administration of a small quantity of wms (80 
tissue culture doses) and 18 developed coldlike illness on the sixth to seventh 
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day. Thirteen of the 18 men who became ill possessed neutralizing antibody 
prior to the virus challenge. Prison contacts of the volunteers acquired infec- 
tion and developed colds, providing evidence for natural spread and patho- 
genicity. The production of coldlike illness with type 1 virus in volunteers 
was confirmed in another study (41). Type 3 virus also produced mild upper 
respiratory disease in volunteers despite the fact that all subjects possessed 
neutralizing antibody prior to the challenge (41, 43). 

The volunteer studies indicate that types I and 3 virus are capable of 
producing upper respiratory disease. The importance of these agents in 
naturally occurring disease, however, remains to be elucidated. Types 1, 2, 
and 3 virus have been recovered from adults with mild to moderately severe 
illness (42, 44 to 47), but controlled epidemiologic information necessary’ to 
evaluate the significance of these findings is lacking. 

All of the type 3 infections and probably a portion of the types 1 and 2 
experience represent reinfection. It is essential, therefore, to determine the 
proportion of naturally acquired reinfection which results in illness. 

Preliminary studies involving primarily type 3 virus indicate that an 
accurate estimation of reinfection may be difficult to achieve (47, 48). A 
portion of adults fall to develop a rise in antibody above the level existing 
at the time of reinfection, thus limiting the sensitivity of serodlagnostic 
procedures (48). The quantity of virus present in the phar>’nx during type 3 
reinfection is small and often fails to withstand freezing and thawing. The 
best estimate of reinfection will probably derive from studies in which throat 
swab specimens are tested at the time of collection rather than after storage 
in the frozen state. 

Sendai virus . — Recovery of Sendai ^^rus was first reported from infants 
with fatal pneumonitis (49). In this study, isolation attempts were made by 
inoculating autopsy specimens intranasally in mice. The agent is antigeni- 
cally closely related to the HA-2 virus (15), and for this reason has been 
classified ^ith it as para-influcnza 1 (12). The validity of the original and 
many of the subsequent isolations of Sendai virus has been questioned be- 
cause they were accomplished in mice, which are now known to be ex- 
tensively infected with the agent in Japan (50), Russia (51), and China 
(52). 

In one study, the agent was recovered in eggs inoculated with material 
from patients with an influenzalike illness. The work was done in Russia 
under circumstances that make laboratory contamination unlikely (S3). 
Unequivocal evidence for human pathogenicity awaits confirmation of these 
results. The circumscribed geographical occurrence of Sendai ^^^us infection 
(animal and human) is in marked contrast to the world-wide distribution of 
other human myxoviruscs. The possibility that human Infection by Sendai 
virus may be acquired directly from mice or other animals merits investiga- 
tion. 
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Respiratory Syxcytial Virus 

TWs agent was first recovered from an outbreak of cor>’za in a colony of 
chimpanzees (S4). Shortly thereafter it n'as isolated from children with 
pneumonia and croup in 1956 (55). Subsequently, it has been recovered from 
children with respiratory disease in 1958, 1959, and I960 (56). 

Sync>’tium formation is the characteristic cytopathic change in continu- 
ous cell cultures (HeLa, Hep-2, KB, etc.) (55). This effect resembles that 
seen with measles Wrus, but no antigenic relationship has been demonstrated 
(55). At the present time, it is not posrible to classify the syncj’tial agent in 
any established \Trus group. 

The complement-fixing antigen produced in infected tissue cultures is of 
the soluble type, i.e., it is separable from the \-irus particle by centrifugation. 
The virus is 90 to 130 rop in size, ether-sensitive, and does not replicate in 
the hen’s egg or laboratory’ mouse (55). 

The original studies in children suggested that the agent was associated 
with lower respiratory tract illness; however, this conclusion was considered 
tentative in vitvf of the small number of patients observed (57, 58). Subse- 
quent studies made during 1957 to 1960 indicated that infection was associ- 
ated ivith appro.timately 10 per cent of childhood lower respiratory’ tract 
illness severe enough to require hospitalization (59). During this period, 
^^^]s recovery was rare in relation to the frequent serologic eWdence of in- 
fection. 

Recent studies have indicated that the agent is extremely labile and that 
inoculation of fresh (unfrozen) throat s«ab fluid into tissue culture is re- 
quired for optimum isolation efficiency (59a, 60). By employing this tech- 
nique, it was possible to recover the agent from 32 per cent of 107 infants 
and children \sith pneumonia or bronchiolitis in the Washington, D.C., area 
during a period of high prevalence (March through July, 1960) (60). Sero- 
logic studies indicated that the infection rate among these patients was 
closer to SO per cent. Children without illness were infected significantly less 
frequently, thus establishing that the agent was associated with lower respi- 
ratory tract illness in the pediatric age group. Additional evidence /or this 
conclusion was provided by an outbreak of infection in an orphanage nursery 
in hich 34 of the 90 children in residence developed pneumonia (61). 

Infection with the vims occurs early In life, and all adults thus far tested 
possess neutralizing antibodies (62). Despite such antibody, IS of 27 adult 
volunteers who were given a small quantity’ (80 to 640 TCDsa) of ■virus 
developed "common cold like" illness (62). The incubation interval for ill- 
ness was three to six day’s. 

Respiratory syncytial virus resembles the para-influenza viruses in that 
first infection in childhood is often associated with se^’ere lower respiratory 
tract disease, whereas reinfection during adult life is assodated m’th mild 
afebrile upper respiratory illness. Haidng established that reinfection in 
adults can result in mild illness, it is now essential to define its importance 
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in the over-all picture, i.e., the frequency with which reinfection occurs and 
the proportion of reinfection that leads tn overt disease. Answers to these 
questions should be forthcoming since preliminary serologic studies indicate 
that infection is not uncommon in military recruits and civilian adults (63). 

Primary Atypical Pneumonia (Eaton Agent) 

The etiology of cold agglutinin-positive atypical pneumonia has been the 
subject of considerable controversy during the past 20 years. Much of this 
controversy has centered about the Eaton agent which was recovered in 
embryonated eggs following inoculation of filtered sputum specimens from 
patients with atypical pneumonia in 1944 (64). Chick embty’os infected with 
the agent did not show any definite changes, but material from such eggs 
produced pneumonia in cotton rats and hamsters. Early studies were hindered 
by the fact that lesions were produced in only a portion of, but not all, 
inoculated hamsters or cotton rats. In addition, these animals were subject 
to pneumonia resulting from activation of their own latent viruses (65, 66). 
For these reasons, many workers have been reluctant to consider this agent 
as a respiratory tract pathogen (67). 

Application of the fluorescent antibody technique to the study of Eaton 
agent resulted in a more quantitative assay system and permitted the dem- 
onstrationof specific antigen in the bronchial epitheliumof the experimentally 
infected chick embryo (68). Infected bronchial epithelium, however, showed 
no evidence of cell damage when careful histological studies were performed 

m, 

A limited number of strains have been recovered, in eggs, from patients 
with pneumonia and identified by immunofluorescence (68 to 71). Recently, 
the agent has been shown to propagate w-ithout cytopathic effect in tissue 
cultures of ovine, simian, and human origin (71, 72). In a comparative study, 
monkey kidney tissue culture was found to be as sensitive as the egg for iso- 
lation of naturally occurring strains of Eaton agent (71). 

The agent is sensitive to aureomycin and streptomycin (73, 74). Its size 
has been estimated as 180 to 250 rop (65, 75). These findings suggest that the 
agent belongs in the group which is somewhat smaller than the Rickettsiae 
and somewhat larger than the “true viruses.*' At present, there is no unanim- 
ity of opinion concerning the status of agents in this category. The finding 
of an eclipse period for the Eaton agent in tissue culture (71) suggests that 
it may satisfy one current definition of a virus (76). 

Although the taxonomic status of the agent remains unsettled, evidence 
for its role in human respiratory disease has accumulated in the past few 
years. Thus, in two separate stadics, 80 to 95 per cent of patients with cold 
agglutinin-positive pneumonia developed fluorescent slainable antibody for 
the agent (69, 77). Positive serologic findings were observed for patients 
whose illnesses occurred during various years (1947 to 1959) and in various 
geographic areas, thus minimizing the possibility of a spurious association of 
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the agent and the syndrome (69). Serologic evidence obtained from a con- 
trolled epidemiologic study in a pediatric hospital indicated that the agent 
vas associated with approximately 10 per cent of lower respiratory tract 
illness over a 16-month period (78). 

Additional evidence that Eaton agent causes respiratory illness was 
obtained during a controlled epidemiologic study of infection in Marine 
recruits (79). Over a six-month period, 68 per cent of 238 pneumonias and 
28 per cent of 144 febrile respiratory illnesses were associated with Eaton 
infection. Infection, as detected by serologic techniques, occurred slgnih- 
cantly less often (6 per cent) among recruits without respiratory illness. 
Spedfidt>' of the antibody response was established by the recovery of 14 
strains of the agent from 17 recruits with serologically positive pneumonia. 
Infection was widely disseminated and approximately 44 per cent of the 
recruits were infected at some time during the three-month training period. 
The inddence of Eaton pneumonia during the training period was also high 
(1.5 per cent). These findings suggested that only one in 30 infections w'as 
manifest as a clinically diagnosed pneumonia and that the majority of infec- 
tions were asymptomatic. 

Cold agglutinins were not an effident index of Eaton infection in Marine 
recruits. Only 44 per cent of tndiWduafs with Eaton-positive pneumonia 
developed cold agglutinins during their convalescence (79). Cold agglutinin- 
negaUve pneumonia assodated wdth Eaton infection has been observed in 
other epidemiologic settings; in one such instance, the occurrence of infection 
was confirmed by recovery of the agent (70). 

The efficacy of tetracycline drugs in the therapy of atypical pneumonia 
has been a controversial subject for the past 12 j'ears (67, 80). A beneficial 
effect has been dalmed in studies that included a variable proportion of cold 
agglutinin-positive cases (81 to 85). Other workers failed to observe a thera- 
peutic effect (86, 87). Atypical pneumonia is a syndrome of multiple etiology 
and in adults is assodated with influenza (2), adenovirus (3), and other as 
yet unrecognized viruses in addition to Eaton agent. Almost all atypical 
pneumonia assodated with cold agglutinins, howev’cr, appears to be asso- 
dated with Eaton infection. It seems probable that the variable results that 
have been reported for aureomydn treatment can be ascribed to differences 
in the proportion of patients with Eaton pneumonia in the various studies. 

To resolve the controversy siirrounding the efficacy of the tetracyclines, 
it js essential that comparison of treated and untreated groups be confined 
to patients with etiologically defined illness. Such a study w’as recently 
carried out to test the effect of demethylchlortetracj’dine (Declomydn) on 
Eaton pneumonia (88). Serologic tests were performed to rule out infection 
with other viruses capable of causing pneumonia (influenza, para-influenza, 
adenovirus, and respiratory syncytial). Tlie fluorescent antibody technique 
was employed for spedfic sero-diagnosis of Eaton infection rather than the 
less sensitive cold agglutinin test. Marine recruits with pneumonia at a 
training center with a high inddence of Eaton infection were treated with 
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0.9 gm. of demethychlortetracycline per day for six days or given a placebo. 
Patients were placed in the treatment or placebo group as determined by a 
process of complete randomization. The study was performed double blind in 
that the clinical observers were not aware of the treatment or diagnostic 
status of the patients under observation. Sixty-seven Eaton-positive pa- 
tients were treated and 63 served as controls. Treatment significantly reduced 
the duration of fever, cough, rales, and malaise. In addition, treatment 
markedly accelerated the clearing of pulmonary infiltration as visualized by 
x-ray. Fever did not return when the treatment was stopped after six days, 
whereas 40 per cent of the untreated cases were still febrile at that time. This 
finding, coupled with the effect of therapy upon the lung lesions, suggests a 
direct action of drug upon the disease process rather than an antipyretic 
effect as suggested by certain workers (89). 

Enteroviruses and Enteroviruslike Agents 
Certain viruses found in the intestinal tract of man and possessing com- 
mon biologic properties have recently been grouped together as entero- 
viruses (90). The family of enteroviruses now includes the poliomyelitis, 
Coxsackie, and ECHO viruses. Epidemiologic and clinical studies with these 
agents have emphasized paralytic illness, myocarditis, pleurodynia, and the 
syndrome of aseptic meningitis. Some members of the enterovirus family 
(especially certain of the Coxsackie A and ECHO viruses) also commonly 
cause a febrile illness in which pharyngitis is a prominent symptom (91, 92). 
The best-studied example of this relationship is the syndrome of herpangina 
caused by certain Coxsackie A viruses in which vesicular lesions of the 
oropharynx are recognized in a large proportion of cases (91). Until the 
present time, however, no convincing evidence has appeared that entero- 
viruses are associated with lower respiratory tract disease such as pneumonia, 
bronchitis, etc. 

Several viruses recently recovered from persons with mild respiratory 
disease appear to possess many of the properties of the family of entero- 
viruses although, in several instances, recovery of these agents has not been 
achieved from the intestinal tract. They are small viruses, 20 to 40 mp, 
ether-resistant, and produce an irregularly ovoid, refractile cytopathic 
effect in susceptible tissue cultures. Their association with respiratory dis- 
ease rests, in most instances, upon limited data, and they have often proven 
difficult to study in the laboratory. Epidemiologic investigations have been 
hampered by the necessity of differentiating them from the already large 
number of recognized enteroviruses. One of them, however, has recently 
been recognized as a true enterovirus, 2060 virus having been designated 
ECHO 28 (93). 

UCUO ^iPriruj.— The 2060 and JH strains of this virus appear to be nearly 
identical with regard to'antigemc and biologic properties (94, 95). The two 
strains, however, can be distinguished with certain human serums or with 
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serum from rabbits receiving a limited course of immunization (94, 95). The 
ECHO 28 virus is extremely difficult to isolate and blind passage in monkey- 
kidney cultures is often necessary (96, 97). Serial passage in monkey-kidney 
cultures is required in order to produce reference vdrus pools for identifica- 
tion, and the attendant opportunity for the introduction of simian agents 
into these pools poses still another problem. 

In studies from one laboratory, infection with ECHO 28 virus was de- 
tected in 12 to 30 per cent of clinically mild respiratory illness in older chil- 
dren and adults (95, 97). In cases where virus isolation was achieved, titra- 
tion of throat washings indicated that little more than one tissue culture 
dose was present. The studies, moreover, suggested a correlation between 
levels of neutralizing antibody and occurrence of clinical illness following 
infection by JH and 2060 viruses. Serologic surveys indicated that children 
under five years of age were rarely infected with these agents, but that more 
than two-thirds of all adults possessed neutralizing antibody. Such results 
would suggest that a portion of “coldlike” illness in adults may be attributed 
to viruses that produce primary infection after childhood. 

In another laboratory, 2060 virus was recovered in several instances from 
young military recruits (96), Mild upper respiratory illness was often ob- 
served at the time of virus isolation, but insufiiaent data were available to 
warrant association of the virus with illness. 

The results of volunteer studies with ECHO 28 virus are somewhat 
difiicuit to interpret. The inoculum given to volunteers represented fifth 
to fourteenth tissue culture passage material and the possibility exists that 
attenuation occurred during these passages. In one study, 100 to 1000 tissue 
culture doses of twelfth passage JH strain infected 2 of 16 volunteers without 
producing illness (98). Respiratory secretions from one of the infected in- 
dividuals was administered to 11 volunteers, 5 of whom became infected 
and 2 of whom developed colds. Respiratory secretions from one of the latter 
individuals infected 3 of 9 volunteers, one of whom developed a cold. Subse- 
quent passage of secreUons that contained 50 tissue culture doses of ECHO 
28 virus failed to infect or produce illness in 10 volunteers. In the second and 
third passage of secretions, two colds were observed which were not asso- 
ciated with ECHO 28 infection. 

More definite evidence that ECHO 28 virus may cause coldlike illness 
was obtained in a study of 159 volunteers who were given either JH or 2060 
strains of virus (99). The results with cither strain alone did not establish 
that these agents could produce disease, but when the data for both viruses 
were combined, a statistically significant association with coldlike illness was 
observed. The incubation period was short, averaging less than 24 hr., and 
virus could be recovered from volunteers up to six days following admin- 
istration. Approsdmately one-fifth of the volunteers developed a rise in 
neutralizing antibody; however, no correlation was obser\'cd between pre- 
existing antibody levels and subsequent infection or illness. Nevertheless, 
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when volunteers were rechallenged with the same or heterologous strain of 
ECHO 28, significant protection w'as observed, confirming the close relation- 
ship of these agents. 

Epidemiologic studies with ECHO 28 virus have been hampered some- 
what by the difficulty encountered in performing reprodudble tests for 
neutralizing antibodies. At present, comparative surveys of populations for 
presence, absence, and levels of such antibodies appear to be of doubtful 
reliability. Use of second generation tissue cultures has been suggested as an 
improved technique (94), but much further laboratory study is urgently 
required. 

HGP and FEB viruses . — Nasal secretions, which produced colds in volun- 
teers, ser\’ed as the source of two new viruses recovered by workers in 
England (100, 101, 102), These agents were cultivated in human kidney 
tissue culture, at first without obvious cytopathic effect. Presence of the 
viruses in tissue culture was demonstrated by their interference wdth the 
multiplication of certain other viruses and by the production of colds in 
volunteer subjects. Subsequently, cytopathic changes w'ere regularly ob- 
served when certain changes in tissue culture technique were introduced. 
These were (a) the use of a low concentration of sodium bicarbonate in the 
tissue culture medium, resulting in a pH of about 6.8; (b) rotation of the 
cultures on a roller drum; and (c) incubation at a temperature of 33^ C. rather 
than the usual 35® to 37® C. Both agents were ether-resistant, temperature- 
stable, and produced characteristic cnterovirusUke cytopathic effects in cul- 
ture. The HGP strain was adapted to monkey kidney culture, but the anti- 
genically distinct FEB virus multiplied only in cells of human origin. 

Although no definitive epidemiologic data are available concerning human 
infection w’ith these viruses, 27 biologically similar strains have been re- 
covered in England from 141 persons with mild respiratory illness (103). 
These \’iruses were isolated only when conditions found to be optimal for 
the recovery of FEB and HGP agents were employed. Serologic identification 
of the new strains has not been completed, but a majority of the isolates 
appear to be distinct from FEB and HGP ^^^uses. Detection in naturally 
infected individuals (under new tissue culture conditions) provides the first 
evidence that these fastidious \'iruscs may be assodated with respiratory 
disease in nature. 

Coe virus . — ^This agent is biologically similar to other enteroviruses in size, 
ether-resistance, and cj'topathic effect in tissue culture (104, 105). Tissue 
cultures of human origin, however, are required for its recoverj’ and mainte- 
nance in the laboratory' (104, 105). There is evidence that the virus on oc- 
casion may produce minimal paralysis in suckling mice (104), which suggests 
a possible relationship to the Coxsackic xiruses of the enterovirus family. 

Strains of Coe virus have been recovered from miUtarj’ recruits in the 
United States (104), England (105). and Holland (106). In the Dutch study, 
virus was recovered from the stools as well as the throats of infected indi- 
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viduals, thus fulhUlng another criterion for the inclusion of this agent within 
the enterovirus family. Associated respiratory illness was generally mild and 
of an undifferentiated nature although low grade fever was present in several 
instances. 

Serologic studies in England indicate a very low incidence of infection 
in young children (lOS). Antibody was not uncommon in adults and, in the 
20- to 40-year age group, males had a significantly greater frequency of 
neutralizing antibody than females. It has been suggested, therefore, that 
Coe virus may show a predilection for the military recruit and follow an 
epidemiologic pattern similar to that characteristic of adenovirus types 4 
and 7. 

A volunteer study in which young adults were given Coe virus provided 
evidence that the agent was capable of causing coldlike illness (107). All 11 
volunteers developed colds and 10 shed virus although two of the group had 
a high titer of neutralizing antibody at the time the agent was given. Six of 
the volunteers who were without neutralizing antibody prior to infection 
failed to develop such antibody during convalescence. 

Pett virus.— This virus resembles the Coe virus in many properties but is 
antigenically distinct from it (108). The Pett virus requires tissue cultures of 
human origin and produces minimal paralysis in suckling mice on occasion 
(108a). The agent was recovered from the stools, but not the throats of eight 
children with mild respiratory Illness. No data associating it with respiratory 
disease are available. 


Reoviruses 

The first member of the group was iuitially designated ECHO 10 virus 
because of its original recovery in monkey kidney tissue culture from stools 
of healthy children (109). These agents were removed from the ECHO virus 
group when it was found that they differed from other ECHO viruses in 
certain biologic and physical properties (110). The latter include a larger 
size of about 75 mfi and distinctive cytopathogenic properties in tissue cul- 
ture. 

Three distinct serotypes have been rcoc^rtized (710, 111), Virus isolations 
have been made from several animal spedes including chimpanzees (type 2) 
(112), monkeys (type 1 and 2) (113, 114), and cattle (types 1, 2, and 3) (115, 
116), suggesting that reoviruses have a broad host range, crossing many 
spedes boundaries. Naturally infected laboratory chimpanzees had mild 
upper respiratory illness and this clinical picture was reproduced when the 
type 2 drus was given to chimpanzees (1 12). 

In humans, reoviruses have been recovered from both the respiratory 
and enteric tracts, but no dear evidence of human pathogenidty has yet 
been reported. Careful analysis of an outbreak of type 1 infection in an 
orphanage yielded data of borderline statistical significance assodating such 
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infection with mild upper respiratory illness accompanied by low grade fever 
(117). 

ILLNESS IN VARIOUS AGE GROUPS AND 
DIFFERENT POPULATIONS 

No laboratory has been able to approach the problem in a completely 
comprehensive manner, employing all the techniques required for the re- 
covery and serologic detection of the newer viruses as well as influenza, 
adenovirus, psittacosis, and the Rickettsia of Q fever. What follows, there- 
fore, represents an attempted synthesis of information from various studies, 
many of which are not comparable in the manner in which patients (and 
controls) w'ere selected for investigation. For purposes of appraisal, viral 
respiratory disease may be divided conveniently into that observed in 
pediatric and adult populations. 

Infancy and Childhood 

Except possibly for military recruits, the proportion of illness associated 
with known viral agents is highest in this age group. In one study, which 
extended over a 2|-year period in Washington, D.C. (24, 27, 28), 45 per cent 
of patients v-nth illness severe enough to require hospitalization (croup, 
pneumonia, bronchiolitis, or bronchitis) had serologic evidence of infection 
with para-influenza (20 per cent), influenza (8 per cent), adenovirus (7 per 
cent), respiratory syncytial (10 per cent), or Eaton agent (10 per cent). 
These agents (except for Eaton agent) were recovered from 15 to 20 per cent 
of outpatients with mild or moderately severe illness. Viral diagnosis was 
most successful in the croup syndrome, 55 per cent of cases being associated 
with myxovirus infection — para-influenza (45 per cent) and influenza (10 
percent) (26, 28, 118). 

It would be hazardous to construct a comprehensive picture from the 
results of a study limited to one locality. Similar estimates, however, for the 
contribution of adenoviruses and influenza are available from studies in the 
United States and England (119, 120). 

In many instances, illness in this age group represents the first experience 
with the infecting agent, explaining in part why the clinical consequences 
are generally more severe than during adult life. Greater severity of illness 
heightens the need for effective immunoprophylactic measures. If the 
Washington, D.C., data are representative of other localities, then effective 
\'acclnes, inactivated or live-attenuated, for para-influenza, influenza, adeno- 
virus, respiratory' syncytial, and Eaton agent should produce a dramatic 
decrease in pediatric respiratory disease. 

Military Recruit 

This population comprises a speda! group in which adenovirus infection 
is extremely common. Types 4, 7, and 14 adenovirus have been associated 
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w-ith 15 to YO per cent of all febrile respiratory disease, including pneumonia, 
in recruits (3, 121). Insight into the reasons for this epidemiologic pattern is 
lacking- 

There is e\-idence to indicate that not all recruit populations experience a 
high incidence of adenovirus infection. During a I2-inonth period, only 6 i>er 
cent of patients -with pneumonia at a southern recruit training center gave 
eridence of adenorirusinfecrion, whereas 54 per cent of such indWduals were 
infected with Eaton agent (Y9, 89). Present data indicate that the latter 
agent is responsible for almost all cold agglutinin-positive pneumonia; more- 
over, a considerable proportion of Eaton pneumonia occurs nithout the 
development of such antibody. The contribution of Eaton agent to illness 
at other recruit centers and at other times remains to be elucidated. The 
cause of most mild afebrile illness in recruits is not known. Coe vims and 
other enterovirusUke agents may be important in such disease. 

Civn-iAK Adult 

Unlike the militarj* recruit, the civiiian adult is infrequently infected by 
adenoviruses (122). Influenxa A or B viruses may cause epidemic disease at 
yearly or biyearly iaterv'aU, but most acute undifferentiated afebrile or 
febrile respiratory disease remains unexplained. These illnesses constitute 
one of the major problems confronting the respiratoiy urologist. 

Studies in which natural secretions were administered to N-oIunteers, 
who were subsequently challenged with the same or heterologous secretion, 
suggest that common cofdlike illness represents a syndrome of multiple 
etiology (123). In the past three years, six distinct cultivatable tdruses have 
been shown capable of inducing colds in adult volunteers, offering confirma- 
tion of the varied etiolog>’ of this illness. Not only are the six agents distinct 
but they belong to three different families of rimses. Two are miTioviruses 
(para-infiuenza 1 and 3) (39, 41, 43), three are enterovirus or enteroWruslike 
(ECHO 28, FEB, and Coe) (93, 99, ICO, 101, 107), while the remaining virus 
(respiratory sj'ncy tial) (62) has no known relatives. The importance of these 
agents in naturally occurring illness remans to be determined. Recognition 
of these six agents prorides a prelimioar>' insight into the problem and un- 
doubtedly, with the refinement of present techniques and the development 
of new methods, other viruses associated with mild respiratorj’ disease will 
be recognized. 

The ease with which para-influenza 3 rims was observed to reinfect small 
children suggests that a similar situation may be responsible for an undeter- 
mined fraction of mild adult illne^. In five of the studies with cultir-atable 
viruses in which serologic tests were reported, infection and illness occurred 
in volunteers who possessed neutraliring antibody prior to challenge. The 
problems involved in serologic recognition of reinfection and the recovery 
of rirus from such indiriduals constitute major barriers to rapid expansion 
of knowledge in this area. 
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At the present time, the directions of future research in respiratory viral 
disease seem clear. Knowledge of such disease in pediatric populations is 
extensive. Major efforts are indicated to develop vaccines capable of amelio- 
rating the extensive morbidity and the mortality associated with primary 
infection by a handful of known viruses. Respiratory viral disease in adults 
is less well understood. Evaluation of the relative role of the large number of 
newly discovered potential respiratory viruses, especially enteroviruses and 
enteroviruslike viruses, and of reinfection by viruses already shown to be 
major pathogens in children, is urgently needed before any serious considera- 
tion of immunoprophylaxis can be entertained. 
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PHYSIOLOGY OF THE SURGICALLY 
ALTEREH STOMACH^ 

By Claude E. Welch, M.D., and Daniel S. Ellis, M.D. 

Departments of Surgery and Medicine, Harvard Medical School, and Massachusetts 
General Hospital, Boston, Massachusetts 

Nearly all operations on the stomach are either designed to produce, or 
are necessarily followed by certain alterations in physiology. While it would 
be possible to discuss the sequelae of each standard procedure, it seems more 
logical, in this brief review, to identify primarily the important physiological 
changes that have been observed postoperatively, and to note in context the 
relation of various operations to each of these specific alterations. 

Since, in many instances, objective data are difficult to acquire in man, 
and often are over-shadow'ed by subjective impressions, frequent references 
will be made to animal experiments, particularly to those in dogs, wherein 
quantitative data may be obtained by means that are impossible in the study 
of human beings. The reader should bear in nund that conclusions gained 
from the behavior of animals after gastric surgery must be transferred with 
some reservations to man. It also should be recognized that despite the for- 
midable number of changes which are produced by gastric surgery, the capac- 
ity of the body to adjust satisfactorily is so great that in the great majority 
of instances any deleterious postoperative abnormalities are unimportant 
when compared to the subjective relief obtained by the patient. 

Operations on the stomach may produce these physiological alterations: 
A. Modification of gastric secretions, including acid, pepsin, mucus and 
hormones. B. Defects of absorption. These defects involve carbohydrates, 
fats, proteins, vitamins, minerals, weight changes, and growth. C. Anemias. 
D. Changes secondary to stasis or reflux. E. Secondary effects on other 
organs. F. Recurrent ulceration. G. Death, 

MODIFICATIONS OF GASTRIC SECRETIONS 
The important secretions of the stomach include hydrochloric add, 
pepsin, and mudn. The antrum also produces one or more hormones. Hydro- 
chloric add is secreted nearly entirely by parietal cells in the corpus, although 
there are a few in the fundus and antrum. Pepsin is secreted by chief cells of 
the corpus. Mudn is secreted in all parts of the stomach, but particularly in 
the fundus. It is generally agreed that the antral mucosa produces gastrin 
while, in all probability, a second hormone that depresses add secretion is 
also produced in the same area (1, 2, 3). 

Aod Secretion 

Before postoperative findings are considered, it may be pertinent to re- 
* The 8ur>'e)* of the literature pertaining to thb revieivwas concluded in July, 1960. 
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emphasize the defects of the various methods of estimating acid secretion in 
man; they include the inability to obtain a quantitative return, variable 
dilution with saliva and with duodenal or intestinal contents, and possible 
erroneous readings incidental to exdtement caused by the Levin tube. For 
these reasons, individual determinations of gastric secretory activity may be 
misleading. However, the same method applied to groups of patients with 
different operations can be expected to provide data that are roughly compa- 
rable. 

In the dog, much more accurate analyses can be made by the use of the 
Heidenhain pouch, in which a denervated pouch of the gastric fundus is 
isolated and turned into a fistula from which quantitative removal of gastric 
secretion is possible; by the Pavlov pouch which is a partially denervated 
pouch; by Dragstedt’s total gastric pouch; or by Gregory's totally denervated 
fundal pouch (4 to 7). 

Measurements of acid secretion include the total amount of HCl in m.eq. 
pH. Basal secretory levels in older patients, as quantitated by Dragstedt 
el al. in their first studies were as follows: volume of basal secretion (I2-hr. 
night secretion) — normal, SSI cc; duodenal ulcer, 108S cc; gastric ulcer, 773; 
total amount of HCl (in m.eq.) in fasting specimens, — normal 18; duodenal 
ulcer, 60; gastric ulcer, 17.8 (8). Farmer el of. found that the total acid output 
per hour measured in m.eq. for the duodenal ulcer patient was 714 per cent 
of that of normal subjects (9). 

Later studies have confirmed the fact that hypersecretion of acid occurs 
only with duodenal ulcer; secretory levels for patients with gastric ulcer tend 
to be within limits of normal, and achlorhydria is found in 90 per cent of 
patients with cancer (I, 2). Hence, the effects of gastric operations on HCl 
output must be studied in patients with duodenal ulcer. The production of a 
complete or essentially complete achlorhydria as a criterion by which the 
success of an operative procedure for duodenal ulcer can be measured is 
second only to long-term observation of the patient. Postoperative studies 
are now available after many of the standard operations. 

Total gastrectomy . — Total gastrectomy obviously completely eliminates 
gastric secretion. It is the only procedure that has been found that will con- 
trol the enormous stimulus to gastric secretion prorided by the endocrine 
tumors seen in the Zollinger-Elltson syndrome (10). 

Suhtojal gastrectomy . — This term is used frequently but is inexact as it 
may refer to anything between a 50 percent and 85 per cent resection. The 
higher the resection, the greater the chance of vagal interruption and, if less 
than 75 per cent is resected, parietal cells will be left. Usually a 75 per cent 
resection has been accepted as standard except in old patients, or in females 
where less stomach is excised. 

The standard 75 per cent gastrectomy abolishes the antral phase of secre- 
tion completely and includes resection of the bulk of the parietal cell mass. 
In addition, it may diminish or abolish the cephalic phase of secretion as de- 
termined by the Hollander test (11, 12, 13). That this is caused by interfer- 
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ence with the vagal fibers is indicated by several observations. For example, 
Smitty found that the usual Polya resection in which the left gastric artery 
was ligated on the wall of the stomach at the level of transection, did not 
produce achlorhydria but, if the lesser curvature was denuded of all tissues 
completely, the Polya resection was regularly followed by achlorhydria (14). 

The usual result of the 75 per cent gastrectomy is to reduce acid secretions 
to a low level except in those patients who develop an anastomotic ulcer and 
in whom the pH is approximately 2.0 to 3.0 under basal conditions, or after 
stimulation with broth, insulin, or histamine (9). 

Resection of 50 per cent or less of the stomach . — The antral phase of gastric 
secretion can be eliminated by a 40 per cent gastrectomy (15). Resection of 
the antrum also decreases the blood supply to the fundus of the stomach, and 
may diminish fundal function in this fashion. This action is believed to be 
mediated through the hypothalamus (16). However, in man, the application 
of SO per cent gastrectomy or less, without vagotomy, to a large group of 
patients with duodenal ulcers has led to so many recurrences that the opera- 
tion has been abandoned. 

Vagotomy alone . — The two important effects of complete bilateral vagot- 
omy are the elimination of the cephalic phase of gastric secretion and serious 
interference with normal gastric peristalsis (1, 2, 17). In addition, following 
vagotomy, the stomach responds to all known stimuli of HCl secretion less 
vigorously than it did previously (6, 18). Recent evidence has also shown that 
vagal stimulation may release gastrin from the antrum (19). 

Early tests in dogs with total gastric pouches indicated that vagotomy 
decreases the total secretion by 76 per cent (20). Harkins estimated that in 
man with duodenal ulcer the cephalic phase accounts for 45 per cent of total 
secretion; 45 per cent is ascribed to the antrum, and 10 per cent to the in- 
testinal phase (21). 

Surprisingly enough, in the Heidenhain pouch dog vagotomy actually 
increases the amount of gastric HCI secretion (22, 23). This is due to the 
ineffective peristalsis resulting from vagotomy, allowing food retention in 
the antrum and an increased output of gastrin, which more than counter- 
balances the reduction in the cephalic phase of secretion. This effect is not 
abolished by gastroenterostomy, but is rectified by pyloroplasty (21, 24, 25). 

In man, except in the presence of pyloric obstruction, vagotomy produces 
a reduction in volume and acidity of gastric secretion, as measured in the 
fasting state or after stimulation w’ith test meals, alcohol, histamine, or 
psychic stimuli (8). Clinically, however, vagotomy alone is an unsatisfactory 
operation because it leads to poorer emptying of the stomach and must be 
supplemented either by gastroenterostomy or pyloroplasty, or by some type 
of gastric resection. 

While vagotomy is believed to eliminate the cephalic phase of gastric 
secretion as measured by a postoperative negative Hollander test (17), there 
remains some doubt that all cholinergic fibers run through the vagus. In cats, 
cholinergic fibers are present in the sympathetic chain (26). In \'agotomizcd 
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dogs with totally denervated gastric pouches, teasing occasionally produces 
a rise in secretion (19). In man, a positive Hollander test was observed in six 
patients who had had esophageal resections for cancer, and who undoubtedly 
had had resection of both vagi (12). 

There is also the disquieting fact that although the vagi have never been 
shown to regenerate, cholinergic actmty tends to return years after a com- 
plete vagotomy as determined by Hollander tests. Brooks & Moore studied 
28 patients who had had vagotomy alone 6 to 10 years before; six showed a 
clear-cut early rise in free and total add after insulin injection, and two a 
late rise, ascribed possibly to adrenal activity (27). Knox & West studied 
patients who had been treated for an anastomotic ulcer by \’agotomy alone; 
after a 10-year period, reversal of a negative Hollander test was noted in 6 
patients of 25 tested (28). On the other hand. Crimson has doubted such a 
reversal though some of his published protocols suggest the same trend (29). 
Also, Dragstedt believes that a positive Hollander test postoperatively al- 
ways means that the vagotomy has been incomplete (20). 

Gojfn'c resection vilk vaiotomy . — Total gastrectomy necessarily is ac- 
companied by a bilateral sagotomy and gives complete control of the acid- 
peptic factor, even ^dth the ZoIHnger-Oiison syndrome (30). Seventj'-five 
per cent gastrectomy ndth vagotomy has given e.xctllent control of the add 
factor, but at an increased price from other sequelae of operation (31). 

Fifty per cent gastrectomy with vagotomy Tvas judged by Smithwick on 
the basis of secretory studies in 1951, to give slightly superior results to the 
standard 75 per cent resection except for a few instances in which the vagot- 
omy appeared to be incomplete. This early opinion has been confirmed by 
others and so far has stood the test of time (9, 32), An even more conservative 
resection has been advocated (33); we believe the follow-up period is too 
short to evaluate such minimal procedures. 

Gastrojejunostomy vilh and without vagotomy . — Measured by Heidenhain 
pouches in dogs, gastrojejunostomy alone will increase HCl secretion; this 
effect is accentuated by a high gastroenterostomy and eliminated only if the 
gastroenterostomy is so small that it becomes non-functional (3L 35, 36). 
These results are due to gastric stasis with increased antral stimulation and 
gastrin production, since partially digested food in alkaline duodenal juice is 
poured back into the stomach through the open stoma, HCI secretion in 
Hridenhain pouch dogs is increased by the addition of vagotomy to the 
gastroenterostomy (23). 

In man, gastroenterostomy alone has been discarded as a method of treat- 
ment of ulcer except in essentially achlorhydric patients. After vagotomy 
and gastrojejunostomy secretory le\-ds of HCI have shown less satisfactory 
reduction than after subtotal gastrectomy, or after SO per cent gastrectomy 
and vagotomy (9), 

Thus, gastroeriterostoroy and vagotomy is a poor operation from the 
point of view of HCI control but it is the safest operation for duodenal ulcer. 

Pyloroplasty with xagoiomy. — Pyloit)pIast 5 ' alone has been discarded as an 
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operation for ulcer. Combined with vagotomy in dogs, secretion from a Hei- 
denhain pouch is reduced well below the normal and is far superior to vagot- 
omy plus gastroenterostomy to control gastric HCl (25). Clinical reports 
are optimistic though secretory studies are not available. 

Antral exclusion . — Antral exclusion studied in the Heidenhain pouch dogs 
increases the gastric HCl output. Thiseffectisdue to the bathing of the antral 
mucosa in alkaline duodenal juice and the elimination of the depressing 
effect of gastric HCl on the antrum or duodenum (37, 38). 

In man, antral exclusion alone leads to a very high incidence of anasto- 
motic ulcer within t^vo to six weeks. Interestingly enough, (and here labora- 
tory investigations are at variance with clinical observations), secretory tests 
show that this operation leads to reduced acid production (12). After vagot- 
omy is added to antral exclusion, HC! secretion is further depressed and the 
gastric remnant becomes unresponsive to stimulation by broth, histamine 
or insulin. This depression is essentially the same as that observed after 50 
per cent gastrectomy and vagotomy (12). 

Tubular and segmental resections. — Experimentally, using the Heidenhain 
pouch as an indicator, Wangensteen’s tubular resection produced hyper- 
secretion regularly; after segmental resection, pouch secretion is either di- 
minished or approximately the same as in controls. Vagotomy added to 
either of these operations increased pouch secretion tremendously (39). 

Since recurrent peptic ulcer is impossible in the presence of absolute 
achlorhydria there is a tendency to believe that the greater the degree of 
achlorhydria, the better the operation. There is a question in the minds of 
the authors as to whether or not this attitude is entirely correct Certainly, 
some undesirable effects may be ascribed to achlorhydria. First, the growth 
of various Gram-negative bacilli, which customarily inhabit only the colon, 
may occur in the small intestine or in the stomach in the presence of achlor- 
hydria. The danger of this complication has been stressed by Kunz & Wad- 
dell who have found nine instances of Salmonella infection in such patients; 
one of these was fatal (40). They believe that such infections may account 
for many of the undiagnosed diarrheas that follow gastric operations. Sec- 
ondly, hydrochloric add has dehnite metabolic benefits. It promotes fat 
absorption (41) and, by reducing ferric iron to ferrous, which is more easily 
absorbed, promotes Iron absorption. In the third place, it is known that the 
incidence of cancer of the stomach is higher in patients with achlorhydria 
than in normals (42). It would therefore seem reasonable that the late follow- 
up of patients operated on for ulcer might show an increased inddcnce of 
cancer over that expected in the normal. While there is a good deal of difii- 
cully in these follow’-ups, suggestive evidence has appeared that this may be 
true (43). 

Pepsin 

Ulcer patients secrete three times as much pepsin as controls. It may be 
measured by the proteolytic actirity of aspirated gastric contents, or by 
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measurement of pepsinogen in the blood or, as its excretory produce in the 
urine, uropepsin. The early belief that a constant fraction (about 1 per 
cent) of the secretion of the chief cells would be excreted into the blood 
indicated a very convenient linear determination of pepsin by pepsinogen 
assay (44). However, it is now far from certain that a constant amount of 
pepsin is secreted into the blood stream, and many of the obsen’ed clinical 
discrepandes are easier to explain by the theory that variations in gastric 
mucosa actually may block intragastric secretion at times and promote 
back flow into the blood stream. 

Uropepsin measured by Gray and his co-workers on normal subjects 
ranged from 1200 to 3800 units with a mean output of 2300 units and a stand- 
ard deviation of 1700 units. The mean output with duodenal ulcer was 8487 
units; for gastric ulcer, 6000 units, and gastric cancer, 980 units, and absent 
in pemidous anemia. In a group of 10 patients treated by subtotal resection 
for ulcer, the preoperative mean excretory level was 7010 units, and post- 
operative, 2792 units. After \'agotomy the mean level fell only from 4923 to 
4196 units. In seven patients with an anastomotic ulcer the mean level was 
10,126 units (45). 

It may be concluded from this and other studies that uropepsin excretion 
is abolished by total gastrectomy, and reduced by subtotal resection. There 
is some difference of opinion as to whether or not it is influenced by vagot- 
omy. It had been hoped that an approximately linear relationship could be 
attained between the uropepsin level and the anatomic extent of gastric re- 
section for ulcer. However, further studies have shown that the range of 
normal is so great, that the test is less \'a!uable than early reports had indi- 
cated. 

Spiro, Ryan & Jones believe that blood pepsin assay is superior to uro- 
pepsin studies, and that patients with high postoperative blood pepsin levels 
may well be regarded as candidates for further ulcer complications. Thus, 
the mean level of 24 asymptomatic patients after subtotal gastrectomy was 
250 units, and 13 patients with symptoms, 450 units. It also was of interest 
that the median postoperative level was 336 units and, of non-operated pa- 
tients with duodenal ulcer, 580 units (46). 

Hoar & Browning, in a study of plasma pepsinogen, found a mean level 
ol units in patients with duodenai tfleer, 70S with gastric ulcer, 314 alter 
subtotal gastrectomy, and 147 after total gastrectomy (47). This last figure 
suggests the possibility of extra gastric pepsinogen and could contribute 
further doubt about the value of this study as a diagnostic test. 

Mccofrotein 

Gastric mudn is secreted by glands that occur throughout the stomach 
but arc predominantly in the fundus. Relatively few studies of mudn in the 
norma! postoperative stomach ha\-e been published except by Class and his 
assodates (48, 49). They belie^'C that glandular mueoprotdn is important, 
not only because it contains a protecti^•e substance which coats gastric mu- 
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cosa, but also because it appears to be the main source of the intrinsic factor 
activity in the gastric juice of man. They have found that after glandular 
mucoprotein produced from gastric juices of normal individuals 5s added to 
small oral doses of vitamin Bu that are ineffective by themselves, a sharp 
hematopoietic response is obtained. 

Glandular mucoprotein is, of course, eliminated after total gastrectomy. 
It is almost normal after distal subtotal resection since most of the mucus- 
secreting glands are in the fundus. Mersheimer el al. found that in the intact 
stomach hyperglycemia produced a moderate rise of mucous secretion. Hista- 
mine administration in vagotomized patients and in the dog also causes a 
rise in secretion of mucus, and the mucus-secreting cells appear normal histo- 
logically after vagotomy. Mucin secretion, therefore, apparently can be 
stimulated by vagal and hormonal pathways (49). 

Hormones 

The antral mucosa secretes gastrin, which stimulates the parietal cells 
in the corpus to secrete acid (1, 46, 47, SO, 51) and probably a second hormone 
that depresses HCl secretion (1, 52, S3, 54). No hormone is known to exist 
in the proximal portion of the stomach. Gastrin formation normally is stimu- 
lated by application of alkaline or neutral foods to antral mucosa or by con- 
stant mechanical stimulation of the antrum. It may be depressed by local 
anesthesia or by the application of acid to the antral mucosa (1, 53). This 
depressing effect is probably caused by a second hormone as indicated by the 
recent cross-circulation experiments of DuVal (54). 

Complete resection of the antrum requires at least 40 per cent gastrec- 
tomy. Antrectomy will eliminate these two hormones, of which the secreting 
hormone is by far the more important. 

Experimentally, in dogs with Pavlov or Heidenhain pouches, resection 
of the antrum produces a striking fall in the secretion of HCI, averagingabout 
84 per cent of the total (1). In man with duodenal ulcer, 45 per cent of gastric 
HCl is estimated to be due to Che antral phase of secretion (21). 

DEFECTS OF ABSORPTION 

These defects are caused chiefly by loss of reservoir function or capacity 
of the stomach and, secondarily, to more rapid transit time through the small 
intestine. Other factors are of importance; for example, the dumping syn- 
drome may accentuate a loss of appetite and lead to a deficient intake of 
food. Consideration will be given to changes in carbohydrate metabolism, 
including the dumping syndrome, fat, protein, vitamins, minerals, weight, 
and growth, and then to operations designed to retain reservoir function. 

CARBOnVDRATCS 

After gastrectomy the absorption of carbohydrates is more rapid than in 
the normal because of more rapid exposure of carbohydrates to the jejunal 
niucosa. A maximum blood sugar concentration was reached in 30 to 60 min. 
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after a test meal in dogs wHch had had total gastrectomy as compared to 120 
min. in the normal. The hyperglycemia leads to increased insulin production 
and a secondary hypoglycemia is more marked after gastrectomy than in the 
normal. There apparently is no difference between normal and gastrecto- 
nuzed dogs in the rate of utilization of absorbed sugar as determined by 
intravenous glucose tolerance tests (55). 

Carbohydrate balance studies are not informative since any excess carbo- 
hydrate in the diet is utilized by bacteria in the bowel in both normal and 
postoperative patients. 

Dumping syndrome . — ^The most important physiological abnormality 
after gastrectomy, the dumping syndrome, is closely related clinically to 
carbohydrate metabolism, and therefore will be considered here. 

This is a syndrome characterized by many symptoms. They are, accord- 
ing to Weidner et ol. in the order of their frequency, fullness, desire to He 
down, borborygmi, nausea, eructation, diarrhea, gastric distress, weakness, 
dizziness, drowsiness, nervousness, restlessness, palpitation, irritability, 
perspiration, vomiting, crampingabdomlnal pain, sense of warmth, headache, 
thirst, sighing, urge to defecate, and chilliness (56). Though it is most com- 
mon after high Billroth II resections, it may occur after all types of gastric 
operations, and is demonstrated after the ingestion of hyperosmolar carbo- 
hydrate solutions, such as sugar and starch. It appears about 10 min. after 
ingestion and disappears in 30 to 60 mtn. (56, 57). 

The incidence of this disorder is estimated variously after gastrectomy 
from 3 to 7S per cent depending entirely upon the diagnostic criteria em- 
ployed. In our experience, major symptoms of dumping occur after 3 per 
cent of all gastrectomies and minor symptoms in about 20 per cent. Accord- 
ing to Kiefer, 10 years after subtotal gastrectomy, 86 per cent of patients 
had had no dumping symptoms, 5.7 per cent had had temporary symptoms, 
3.9 per cent had had mild but persistent symptoms, and 4.3 per cent had 
important and persistent symptoms (58). To establish some uniformity of 
deBnition, a number of investigators employ a standard test meal, such as 
150 cc. of SO per cent glucose as the challenging dose to tell whether or not 
dumping exists; it should be noted that this is a much more severe test than 
the patient ordinarily gives himself in his usual diet. 

Physiologic changes that occur with this syndrome pro«de basis for 
several theories concemiogitsorigio. Important physiolopc changes include: 
(a) reduction in plasma v'olume. Roberts, Randall et al. demonstrated a 
definite fall of plasma v-oJume with the onset of dumping symptoms (59). 
They believe that the dilution of hyTiertonic solutions in the jeunum results 
in such a shift of extracellular water and perhaps electrolj'tes, that there is 
an acute drop in blood volume. This drop in plasma volume which may be as 
great as 1000 cc., though usually is from 300 to 750 cc., may be corrected 
by the rapid intravenous administration of water with elimination of symp- 
toms. This drop in plasma volume has been confirmed by many investigators 
(60, 61), though not all agree (62). Although this drop is significant, it has 



THE SURGICALLY ALTERED STOMACH 27 

been noted that usually it is not of the magnitude to produce symptoms in a 
normal person. Furthermore, the variation of hematocrit is not striking (63). 
(f>) Electrocardiographic changes may occur that are similar to those ob- 
served by hypokalemia. There is lengthening of the QAS segment with 
depression of the T-waves (61, 64). (c) The electroencephalogram shows 
definite dysrhythmias at the height of the dumping symptoms (61). (d) Skin 
temperatures increase 3 to 5 degrees with dumping symptoms, while periph- 
eral blood flow increases from 1| to 2 times that observed in the controls (61), 
(e) Serum potassium shows a mild fall but this occurs 75 to 80 min. after the 
onset of the dumping symptoms. This fall occurs simultaneously with the 
hypoglycemia and probably is attributable to glycogen deposition in the liver, 
potassium being bound in these cells (65, 66). (/) Other objective manifesta- 
tions include tachycardia, elevation of blood pressure, increased small intes- 
tinal intraluminal pressure and motility, decreased plasma phosphate, in- 
creased urinary excretion of uric acid, decreased circulating eosinophils, 
hyperglycemia, decreased cardiac output, and a rise in renal blood flow (64, 
67, 68). (g) Rapid emptying of the stomach may be demonstrated by x-ray 
studies in most of the patients. In fact, many authors believe that this test 
should be used to separate the dumping syndrome from other postgastrec- 
tomy abnormalities, suggesting a return to the original definition of the term 
by Mix (69, 70). 

Krieger, Abbott et cl. believe that there is complete correlation bet\veen 
rapid gastric emptying and the dumping syndrome (70). However, this im- 
pression does not agree with many other observ’ations. Certainly, many pa- 
tients after Billroth II gastrectomies demonstrate rapid emptying of the 
stomach without dumping symptoms; in fact, in nearly all instances barium 
passes immediately into the small intestine after it is given by mouth (71). 

Furthermore, interesting data by Henshaw et al. indicate that there is 
some individual reaction to hypertonic glucose. When ISO cc. of SO per cent 
glucose arc given by mouth to normal men, no symptoms result. When an 
intesUnal tube was passed in 30 patients with duodenal ulcer, and the same 
test meal injected rapidly into the jejunum, tw'o developed severe dumping 
symptoms, 10 moderate, 9 mild, and 9, none at all. Postoperatively, there 
was very close agreement with the preoperativc test on repetition of the test 
meal (72). 

At present it would seem that the theory advanced by Roberts and 
Randall is the most likely explanation of the dumping syndrome, though 
there is no explanation of the N'ariability of the jejunal response in various 
patients to the challenging me.al. 

Fats 

Absorption of fat is impaired markedly by total gastrectomy and, to a 
lesser degree, by the subtotal. In dogs, fat loss in controls after gastroenter- 
ostomy was 4.9 per cent, after segmental gastrectomy, 6.4 per cent and, 
after subtotal gastrectomy with Billroth I anastomosis. 10.6 per cent (73). 
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Losses after Billroth II anastomosis were greater and depended on the extent 
of the resection; with 50 per cent resection it was 6 per cent; two- thirds resec- 
tion, 20 per cent; 75 per cent resection, 28 per cent; and, after total gastrec- 
tomy, 32 per cent (74). 

Some authorities believe that in man careful studies are not aNmilable 
as yet to prove that the various anastomotic procedures modify fat absorp- 
tion significantly (41, 75). However, Ellison found that both the extent of 
resection and type of anastomosis were important. A 70 per cent resection 
and Billroth II anastomosis was associated with 80 per cent absorption: a 
75 per cent resection, 71 per cent; and an 85 per cent resection, 61 per cent. 
The os'cr-aU figures for Billroth I were 79 per cent; Billroth II, 70 per cent; 
Billroth II uTth vagotomy, 65 percent (76). 

Since various authors have established different criteria for fat absorption 
in the normal, the reported abnormalities after resection likewise will \'ary. 
Lawrence el at. using 92 per cent absorption as the lower limit of normal, 
found that 22 of 25 patients had abnormal fat absorption after total gastrec- 
tomy (41). Everson, using less vigorous criteria, estimated that 21 of 33 pa- 
tients had abnormal curves after total gastrectomy (77). In general, after 
total gastrectomy, about 20 per cent of dietary fat is e.xcre(ed, compared 
with 5 per cent in the normal. After subtotal gastrectomy, the range is closer 
to normal; in Lan*rence's 17 cases the median value was 90 per cent and 11 
had normal absorption while impairment was noted in 23 of 36 cases ana- 
lyzed by Everson, 

Lawrence el al, emphasize the fact that this steatorrhea is much less 
severe than that which occurs with sprue, after massive intestinal resections, 
or with some pancreatic disease, and tends to diminish with the passage of 
time. They believe it actually is of little clinical significance, and there is 
relatively poor correlation between the actual ability to maintain body 
weight and the degree of steatorrhea. This fact is disputed by Hayes who 
noted that in the normal patient delay in gastric emptying following the 
administration of fat (78). This delay persists after gastroenterostomy but 
does not after resection of the antrum and pylorus (78, 79). To prevent the 
rapid development of a hyperosmolar solution in the proximal jejunum, a 
diet in the caloric ratio of carbohydrate, 1, protein 1, and fat, 5, is recom- 
mended; patients treated in this fashion had complete relief of dumping 
symptoms and weight restoration to near normal (78), 

Proteins 

Protein absorption is decreased after total gastrectomy and, to a lesser 
degree, after subtotal. In contJtd dogs, 14 per cent of nitrogen was excreted 
and after segmental resection, 12.6 per cent; after Billroth I resection, 19.3 
per cent; and after Billroth II, 24.4 percent (73). 

Reports of 27 metabolic studies carried out in 14 indi\iduals were col- 
lected by E\’erson, using 2 gm. of fecal nitrogen loss as the upper limit of 
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normal. There was evidence of some Impairment of protein absorption in 6 
of the 14 (77). 

Lawrence tl al. found that the total nitrogen excretion at a zero balance 
was 168 mg. per kg. of body weight, per day, after total gastrectomy. This 
was in contrast with the normal excretion of 112 mg. kg. per day as calcu- 
lated by von HoessUn (80) and by Beattie et al. (81). The increased nitrogen 
excretion can be ascribed entirely to an increased stool nitrogen. Conse- 
quently, the usual normal intake of protein ordinarily will be insufficient for 
the patient who has had a total gastrectomy. 

An increase in carbohydrate intake led to a decreased absorption of nitro- 
gen in 9 of 10 patients after total gastrectomy (41). The mean decrease in 
absorption in this group was 9.4 per cent. After subtotal gastrectomy no 
significant change was noted with variations of carbohydrate intake. Not- 
withstanding the decreased absorption ascribed to it, increase in carbohy- 
drate intake may increase nitrogen retention, possibly because of the in- 
creased caloric intake. 

Additional hydrochloric acid given prior to meals (25 cc. of 0.1 N HCI) 
led to a slight decrease in absorption of proteins (5.7 per cent) (41). 

Abnorsial Loss of Vitamins 

After operation, fat-soluble vitamins may be absorbed poorly, secondary 
to increased loss of fat in the feces. After gastrectomy, vitamin A absorption 
was found to be reduced to 31 per cent of normal, though administration of 
wine Increased the absorption rate 125 per cent (82). Vitamin D also may be 
absorbed poorly after gastrectomy (jnie infra). Lack of absorption of vita- 
min in Bit will be discussed later. (See Anemias.) 

Minerals 

Postoperativcly, minerals may be absorbed poorly because of more rapid 
transit time through the intestine. Iron loss may contribute to a secondary 
anemia (70). An excessive loss of potassium secondary to diarrhea following 
total gastrectomy has been reported to lead to sudden death (83). Since 
calcium loss is the mostlmportant it w’ill be considered in more detail. 

Osteomalacia was found by Melick & Benson in two patients after sub- 
total gastrectomy; five additional cases are described in the literature (84). 
Bone pain and low serum calcium and pscudofractures led to the diagnosis. 
Inadequate absorption of vitamin D was considered to be the primary cause. 
M.ilabsorption of fat was demonstrated in both cases. Calcium levels re- 
sponded to large doses of vitamin D and caldum given by mouth. 

Other factors such as inadequate intake therefore are also important. In 
addition, growth may increase the demands for calcium. Thus, Bu^abarger 
tt ol. found that total gastrectomy in growing puppies rcceiring vitamin D 
by mouth produced severe osteoporosis with fractures and bowing (85). 

Steatorrhea from any cause is likely to lead to osteomalacia because of 
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the predpitation of caldum soaps in the gut reducing the amount available 
for absorption and, as noted above, steatorrhea is not uncommon after 
gastrectomy. Baird & Oleesky obser\'ed that this disease takes at least 2 
years to develop after subtotal gastrectomy. They have obsci^-ed four fw- 
tients and believe there must be many more with osteomalada. They advise 
100.000 to 200,000 units of \'itamin D daily, together with 5 to 10 gm. of 
caldum lactate (86). 

Weight Loss or Gaik 

Weight loss is not common after operations on the stomach unless some 
type of resection is performed. Under these circumstances the loss varies in 
general directly with the amount of stomach resected and it is higher after 
Billroth II than after Billroth I anastomosis. In similar operations weight 
losses tend to be more severe in women. 

The amount of expected postoperative weight loss can be estimated pre- 
operatively. According to Zollinger & Ellison these patients may be divided 
into three groups: (o) those whose preoperative weight was equal to or about 
their ideal weight; they tend to maintain a satisfactory weight after gastrec- 
tomy; (i) those below ideal weight at the time of operation, though at one 
time they had had an ideal weight; only about one-third of this group re- 
turned to normal postoperatively: (c) those who had never attained an ideal 
weight preoperatively never gained it postoperatively. No laborator>' tests 
have been found that can give a better prognosis than these clinical observa- 
tions (87). 

Many reports have been made of weight losses after operation but only 
one will be dted here. Ten years after subtotal gastrectomy weight was 
found to be normal in 46 per cent of patients, while 34 per cent weighed at 
least 10 pounds less than normal, and 20 per cent weighed at least 10 more 
than normal (58). 

Growth 

Growing puppies appear to tolerate subtotal gastrectomy without inter- 
ference with growth (88). Relatively few observations are available in man 
since gastric resection is very uncommon in children, though a few reports 
indicate that normal growth continues despite subtotal gastrectomy (89), and 
this is in accord with our personal observations. 

Operations Designed to Retain* the Gastric Reservoir 

This objective has been attained in part by several methods — use of the 
Billroth I rather than the Billroth II anastomosis, by retention of the pylorus 
at the time of the gastric resection, and by the formation of a small stoma 
after Billroth II resection, 

Resen*oir function generally is maintained better after Billroth I than 
after Billroth II resection; this, in part, may be the result of the less extensive 
resection that accompanies a Billroth I. Very interesting radiographic studies 
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have been made by Liljedahl et al. (71). After Billroth I resection the mo- 
tility pattern of the stomach is found in all essentials to resemble that seen in 
healthy subjects. A formation of a functional pylorus usually can be ob- 
served. This pseudosphincter is not seen after a Billroth II resection. 

In certain instances a normal pylorus may be retained. Friesen & Rieger 
believe that retention of a normal pylorus will essentially eliminate the dump- 
ing syndrome. Dogs that had sleeve-type resections without vagotomy dem- 
onstrated slower gastric emptying and a significantly smaller loss of plasma 
volume following hypertonic glucose test meals than did those dogs in which 
the pylorus was excised or was non-functional. A small group of patients 
showed similar results (66). 

A few surgeons now believe that a small gastroenteric stoma, about \\ 
cm. in diameter, is the key to maintenance of the normal gastric reservoir, 
and abolition of the dumping syndrome after Billroth II anastomosis (70, 90, 
91). This matter is still subjudtce. 

ANEMIAS 

Several types of anemia have followed gastrectomy-megaloblastic 
anemia, hypochromic anemia due to reduced absorption of iron, and hypo- 
chromic anemia due to blood loss. 

Megaloblastic anemia . — This is believed to occur regularly in all patients 
who have had total gastrectomy, and in about 1 per cent of the patients 
who have had subtotal gastrectomy, provided they have lived for over 3 
years from the date of operation and have not taken proper replacement 
therapy (92, 93, 94). The development of megaloblastic anemia may be due 
to a number of reasons. There may be, for example, a loss of intrinsic factor, 
due to a high or total gastric resection. On the other hand, if the normal 
amount of intrinsic factor is present, the extrinsic factor (Vitamin Bu) may 
be absent in the oral intake, not absorbed (as occurs after extensive resec- 
tion of the ileum), or destroyed before absorption, as in the presence of blind 
intestinal loops or diverticulosis of the intestine. 

Halsted et al. found that normal persons excrete 19 to 57 per cent of 
orally administered vitamin Bu in the feces, compared with an excretion 
rate of 84 to 100 percent in patients with pernicious anemia and 75 to 100 per 
cent in those who had total gastrectomy. These high e.\cretions in the last 
two groups can be restored to normal if intrinsic factor is supplied to the 
patient (95). 

After total gastrectomy, a patient who is receiving no replacement 
therapy will use up his vitamin Bu stores at the rate of 1 ;ig. per day. Since 
the total body reserve is 1000 to 2000 fig., approximately three to four years 
will be required before anemia can develop. McLean believes, from a careful 
study of 13 patients with total gastrectomy, that a megaloblastic anemia wll 
occur inevitably at that time unless replacement therapy has been given. 

In so far as prophylaxis or treatment of the anemia is concerned, monthly 
administration of 50 fig. of intramuscular viMmln Bu appears to be ade- 
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quate except when neurological symptoms arc present and the dose then 
should be larger. Liver extract has been used as an alternative source of 
Folic add therapy has been found necessary in some reported cases from 
England and Italy, in addition to vitamin Bw; though folic add will amelio* 
rate the blood picture, it will not prevent neurological defidts and it should 
not be used \vithout dtamin Bu (96). 

Megaloblastic anemia also occurs after subtotal distal gastrectomy but 
usually is not suspected until it is found that the anemia fails to respond to 
iron. McLean found that only 9 of 1550 patients developed this type of 
anemia. It was of interest that all of these patients had either gastric ulcer 
or cancer and that a pouch of normal fundus consisting of more than 10 per 
cent of the total stomach appeared capable of produdng sufHdent intrinsic 
factor to prevent vitamin Bu defidency (92). 

Hypochromic anemia due lo iron dejTciency.—Low serum iron values are 
common after total, and occasionally after partial gastrectomy. As a con* 
sequence, hypochromic anemia may develop, though decreased iron values 
may be found without overt signs of anemia. Birnbaum et al, noted that 
serum iron levels tended to be lower postoperatively in females than in 
males (97). 

Lyngar has investigated the frequency of this type of anemia. A series of 
patients with uncomplicated gastric ulcer were taken as controls. Their 
blood picture did not deviate significantly from that of normal individuals. 
It was certain several years after extensive subtotal gastrectomy that at 
least 43 per cent of the women and 10 per cent of the men had become anemic. 
The increased frequency in females wras obsers’ed in the menstruating age 
group (98). 

He also found that in all cases it was possible to cure the anemia by the 
administration of iron. Usually it could 1^ given orally though occasionally 
parenteral therapy was necessary. It seems probable that iron absorption 
is inadequate in these patients because of relative achlorhydria and more 
rapid transit time through the intestine. More than a third of these patients 
showed sideropenic epithelial symptoms. Dyspeptic symptoms, somew’hat 
suggestive of the dumping syndrome, were relieved as the anemia was cured 
(98). 

Hypochromic anemia due to blood lots . — Careful examination should be 
carried out in al! patients found to be anemic after gastrectomy. Occasionally 
an anastomotic ulcer will be discovered, or blood loss from other lesions may 
be found. 

CHANGES SECONDARY TO STASIS OR REFLUX 

Stasis secondary to too small a gastroenteric stoma, or to a high gastro- 
enterostomy, or to a vagotomy unaccompanied by a drainage procedure, 
leads to retention of food. Unless all of the antrum has been resected, an 
increased output of gastrin occurs so that the HCl output is increased. Hence, 
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too small a stoma may lead not only to the usual symptoms of obstruction, 
but also may contribute to ulcer recurrence (99). 

Reflux of alkaline contents from the proximal loop into the stomach is 
said by Schindler to occur regularly after Billroth 11 anastomosis and most 
uncommonly after Billroth I, and to cause a specific postoperative gastritis 
(100). Other gastroscopists have failed to share his excitement about this 
particular type of gastritis, nor have they been able to demonstrate it by 
biopsy (101). Resected Billroth H anastomoses rarely show any micro- 
scopic evidence of gastritis. 

On the other hand, particularly when the afferent loop is long, it may 
fill with bile and pancreatic secretions and empty irregularly into the stom- 
ach and produce occasional attacks of vomiting, in which the vomitus is 
copious but not mixed with food. This has been termed the "afferent loop 
syndrome" and is a comparatively rare complication of gastrectomy (102). It 
has been suggested that the development of an abnormal bacterial flora in 
the long loop may be an important factor in abnormalities of absorption 
(103). 

SECONDARY EFFECTS ON OTHER ORGANS 

A relationship of operations on the stomach to other organs is sug- 
gested by fragmentary data. Since hydrochloric acid applied to the sphincter 
of Oddi causes stimulation of pancreatic secretions, any effective operation 
for ulcer should diminish pancreatic activity (104). Likewise, vagotomy de- 
creases pancrearic secretions (105). 

Nearly all observations on the intestine are confined to motility changes. 
The decreased small bowel transit time after gastrectomy, and increased 
activity of the colon result from rapid emptying of the stomach and the small 
intestine. Increased enzymatic activity of the small intestine has been dem- 
onstrated after partial gastrectomy in dogs (106). 

Variations in blood flow in various organs have been shown to occur with 
the dumping syndrome (67). Interestingly, a reduction in the incidence of 
coronary thrombosis in patients who have had operations for ulcer has been 
reported (107). 

RECURRENT ULCERATION 

Factors causing recurrent ulceration arc not entirely clear. Such an oc- 
currence always suggests the possibility of the Zollingcr-EIHson syndrome. 
Though an uncontrolled acld-pcptic factor must be present, this is difficult 
to demonstrate in many instances (63). Add levels tolerated by some pa- 
tients cannot be tolerated by others. 

The location of the gastrointestinal anastomosis is of great importance; 
thus, resistance to acld-pcptic digestion is highest in the cells of the gastric 
mucosa, and lower progressively in tntcsrinc, colon, and esophagus. Anas- 
tomosis of isolated gastric pouches in the dog to progressively more distal 
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quate except when neurological symptoms are present and the dose then 
should be larger. liver extract has been used as an alternative source of Bi*. 
Folic add therapy has been found necessary in some reported cases from 
England and Italy, in addition to vitamin Bi»; though folic acid will amelio- 
rate the blood picture, it will not prevent neurological defidts and it should 
not be used without vitamin Bn (96). 

Megaloblastic anemia also occurs after subtotal distal gastrectomy but 
usually is not suspected until it is found that the anemia fails to respond to 
iron. McLean found that only 9 of 15S0 patients developed this type of 
anemia. It vras of interest that all of these patients bad either gastric ulcer 
or cancer and that a pouch of normal fundus consisting of more than 10 per 
cent of the total stomach appeared capable of produdng sufRdent intrinsic 
factor to prevent ■ritamin Bu defidency (92). 

Hypochromie anemia due to iron deficiency. — Low serum iron values are 
common after total, and occadonally after partial gastrectomy. As a con- 
sequence, hypochromic anemia may develop, though decreased iron values 
may be found without overt signs of anemia. Bimbaum et al. noted that 
serum iron levels tended to be lower postoperatively in females than in 
males (97). 

Lyngar has investigated the frequency of this type of anemia. A series of 
patients with uncomplicated gastric ulcer were taken as controls. Their 
blood picture did not deviate significantly from that of normal individuals. 
It was certain several years after extensive subtotal gastrectomy that at 
least 43 per cent of the women and 10 per cent of the men had become anemic. 
The increased frequency in females was observed in the menstruating age 
group (98). 

He also found that in all cases it was possible to cure the anemia by the 
administration of iron. Usually it could Iw given orally though occasionally 
parenteral therapy was necessary. It seems probable that iron absorption 
is inadequate in these patients because of relative achlorhydria and more 
rapid transit time through the intestine. More than a third of these patients 
showed sideropenic epithelial symptoms. Dyspeptic symptoms, somewhat 
suggestive of the dumping syndrome, were relieved as the anemia was cured 
(98). 

Hypochromic anemia due to blood loss. — Careful examination should be 
carried out in all patients found to be anemic after gastrectomy. Occasionally 
an anastomotic ulcer will be discovered, or blood loss from other lesions may 
be found. 

CHANGES SECONDARY TO STASIS OR REFLUX 

Stasis secondary to too small a gastroenteric stoma, or to a high gastro- 
enterostomy, or to a vagotomy uoacrompanied by a drainage procedure, 
leads to retention of food. Unless all of the antrum has been resected, an 
increased output of gastrin occurs so that the HCl output is increased. Hence, 
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recurrence (119), a 10 per cent recurrence rate at five years would seem to be 
a fairly close approximation to what is observed elsewhere. Vagotomy plus 
pyloroplasty has not had a long follow-up. Weinberg has reported a S per 
cent estimated recurrence rate (120). (g) Antral exclusion operations; nine 
recurrences after 154 operations including antral exclusion plus vagotomy 
have been recorded by Waddell after a short follow-up period (12). (h) Seg- 
mental resections; Wangensteen had discarded tubular resection because of 
the higher recurrence rate; he has so far encountered no recurrent ulcers 
with the segmental resection (121). Ferguson noted a possible recurrent 
crater in 4 per cent of patients though ulcer-type pain was noted in 16 per 
cent three months to five years after segmental gastrectomy (122). 

DEATHS 

Operative mortality depends upon many factors, a detailed discussion of 
which is beyond the scope of this paper. The complications of acute per- 
foration and massive hemorrhage carry a relatively high mortality. Elective 
procedures furnish the most acceptable basis for comparison of various 
operations. In this category vagotomy combined with gastroenterostomy, 
or pyloroplasty carries a mortality of 0.5 to 1.5 per cent, while the average 
mortality for elective gastric resection for duodenal ulcer throughout the 
country is probably about 3 per cent. There is, in addition, a late mortality 
due to recurrent ulcer. Moore found no late mortality from ulcer three to 
seven years following subtotal gastrectomy (114). Kiefer found an additional 
late mortality of 2.1 per cent due to recurrent ulceration within 10 years of 
the date of the primary resection (58). 

In conclusion, it is well to note that physiologists and clinidans owe a 
great debt to previous generations of investigators. Though nearly all ref- 
erences in this review would indicate that most of the knowledge of the 
physiology of the postoperative stomach has been acquired recently, im- 
portant prindpics had been established over 50 years ago. Thus, Cannon’s 
observations on the motility and method of emptying of the stomach after 
gastro-enterostomy are as fresh now as when they were published in 1909 

(123) . Joslin & Goodall’s tw'o determinations of 18.7 per cent, and 31.2 per 
cent of loss of ingested fat in the feces after gastroenterostomy in 1907 

(124) , arc in the range expected today. Wliilc the past 50 years have led to 
an accumulation of much additional information, we still await, as they did 
then, an operative procedure that can correct peptic ulcer and produce a 
stomach as satisfactory as Nature has provided in the normal man. 
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levels of the gastromtestinal tract was accompanied by a progressively 
higher incidence of anastomotic ulceration (108). Similarly, after Billroth II 
anastomosis the more distal the anastomosis the greater is the incidence of 
anastomotic ulcer (109). This is probably due to a progressive decrease in 
pH and buffering capacity of small bowel contents as the distance from the 
pylorus is increased (110). On the other hand, if unneutralized gastric con* 
tents are dripped upon isolated segments, it is found that the stomach is 
relatively resistant, the esophagus is very sensitive, and the various portions 
of the small intestine nearly equally sensitive to digestion, except for the 
most proximal portion of the duodenum which is more resistant because 
of the mucous secretion from Brunner’s glands (111). 

For this reason, it would seem that ulceration in the Billroth I anastomo- 
sis would be less likely to recur than in Billroth II. However, the opposite 
is the case. This is explained by the protection afforded the Billroth II 
anastomosis by the continued stream of alkaline duodenal contents that 
run over it. The importance of this reflux protection of the anastomosis has 
been furnished by withdrawal of duodenal contents by suction after Billroth 
II gastrectomy. Very high gastric acidity was found that returned to normal 
with closure of the duodenal fistula (112, 113). 

Though the factors that produce recurrent ulcer are not understood, the 
incidence following various operations is fairly uniform. Representative 
rates after various operations are as follows: (o) Total gastrectomy; 0 per 
cent; (b) 75 per cent gastrectomy anJ vagotomy: 0.5 per cent (31); (c) sub- 
total gastrectomy: 3 to 7 years after operation Moore et at. found an inci- 
dence of 3.2 per cent of anastomotic ulcer (114). In a minimal four-year 
follow'-up Wallensten found that in men ulcer recurred after a Billroth I 
procedure for gastric ulcer in 6.1 per cent, and after the Billroth II for gastric 
ulcer in none; for duodenal ulcer the comparable flgures were 11.7 and 4.2 per 
cent. In women, the recurrence rate for all ulcers was 3.4 per cent after the 
Billroth I and 0 after the Billroth II operations (115). Kiefer, in a 10-year fol- 
low-up found the Incidence of recurrent ulcer after subtotal gastrectomy for 
duodenal ulcer was 13.4 per cent; for gastric ulcer, 6.2 per cent; and stomal 
ulcer, 17.7 per cent (58). (d) Fifty per cent gastrectomy and vagotomy; ac- 
cording to Herrington, the inddence of recurrent ulcer is below 0.5 per cent, 
only 13 instances of recurrence hadng been reported in a total of 3052 pa- 
tients who have had this operation (32, 116). The follow-up period, however, 
is much less than that noted with subtotal gastrectomy, (e) Posterior gastro- 
enterostomy: recurrence figures vary widely, depending particularly on the 
age of the patient, from 15 to over 50 per cent. Johnson found an over-all re- 
currence rate of 52 per cent in patients followed for 5 to 10 yeare who were 
operated on below age 35 (117). (/) Vagotomy plus gastroenterostomy or 
pyloroplasty; vagotomy alone has led to recurrent gastric ulceration, due 
probably to increased antral stimulation (118). The increasing passage of 
time shows more frequent recurrence after vagotomy and posterior gastro- 
enterostomy. Though Crimson still reports only a 2 per cent inddence of 
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MALABSORPTION: CELIAC SPRUE' 

By C. E. Rubin, M. D.= ® 

Division of Gastroenterology, Department of Medicine 
University of Washington, Seattle, Washington 

This is a critical review of recent observations on the pathology and 
pathogenesis of celiac disease in children and idiopathic sprue in adults, both 
of which are probably the same illness (I, 2, 3). This disease goes by many 
other names (idiopathic steatorrhea, non-tropical sprue, adult celiac disease, 
gluten-induced enteropathy, primary intestinal malabsorption, etc.)- Until 
an exact etiologic name is justified we will refer to the disease as celiac sprue. 

There have been two major contributions to the understanding of celiac 
sprue in recent years: (a) the recognition of the characteristic intestinal 
mucosal abnormality (4), and (6) the astute observation by Dicke (5) of the 
therapeutic efficacy of removing dietary wheat. 

INTESTINAL LESION IN CELIAC SPRUE 
Instruments 

Notions regarding intestinal pathology derived from autolyzed post- 
mortem material or occasional surgical biopsies have been rather confused. 
More accurate delineation of intestinal histology is now possible because 
peroral suction biopsies (7 to 17) free of autolysis arc easily obtained even in 
ambulatory patients. 

The diagnosis of celiac sprue is best established by biopsy of the distal 
duodenum or proximal jejunum (10) in patients who have been eating a 
normal diet containing wheat gluten (18. 19). The proximal three-quarters of 
the duodenum arc best avoided because of difficulties in interpreting mild 
abnormalities in this area (10) (Figs. 1, 6B). 

'CUe, ideal lastravacat. for ^rosivcval lutestitval biopsy should permit several 
specimens to be taken quickly, safely, and dependably with equal facility in 
infants and adults. To accomplish this the instrument should be of small 
diameter, with sufficient flexibility to negotiate sharp turns, but with suffi- 

* The sur\’cy of the literature pertaining to this re\icw was concluded in Septem. 
her, J960. 

’ The author wishes to acknow ledge that the rcMjarch originating in the University 
of Washington Gastrointestinal l^lwratorics is not his alone but rather the result of 
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Dr. Walter MacDonald, Mrs. Chcrill Murray Pannentier, Miss Patricia PJiefp>, 
Mrs. Sharon M. Sribhlbhadh, and Mr. Hawley C. Tajlor, Jr. He nl-o gratefully 
acknowledges his debt to his loyal and capable sccrctaiy, Mrs. Theresa N. Helton. 

* The unpublUhCTl itncstigatlons from the UnKcrsity of Washington G.istroin- 
testiiul Ijboralor>’ alluflctl to in this chapter were supportesl by a research grant 
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Fio. 1. — Normal sm£\ll bowel biopsy taken from the )unction of the «ocond 
and third portions of the duodenum in a 13«>ear*oId l)oy. 75X. 


cient rigidity to facilitate rapid adv'ancement. Precise control of suction and 
a sharp, durable cutting system should insure clean excision of c\ ery biopsy 
w ith minimal trauma to the specimen and patient. 

There are several tubes (11, 12, 15) which theoretically meet these re* 
quirements, but only three (8, 9, 10) have had eMensi\e clinical trial. Al* 
though the Shiner instrument (8) has been used successfully in several 
excellent studies, its stiffness and large metal head limit its use in children 
and make It difficult to pass in adults. The Crosby capsule (9) contains a 
knife which is activated by suction, permitting sampling of distal intestinal 
areas not accessible to pull-wire systems. Unfortunately, intubation Is time- 
consuming and the single specimen obtained is often shallow and trauma- 
tized. The “multipurpose” tube (10), with a new two-holed capsule, has 
been used b) us in over 200 patients of all ages to obtain over 500 biopsies 
without complications. \Mth experience, two biopsies may be obtained in 10 
to 15 min in over 90 per cent of attempts. 

For investigative or special clinical purposes, a hydraulic biopsy tube (16) 
has been developed that will take numerous biopsies from all levels of the 
gastrointestinal tract; it delivers each specimen externally within seconds of 
excision while the tube itself remains lit situ. Over 200 biopsies have been 
taken from a dozen patients with this tool. Baker has recently reported good 
results with a similar hydraulic instrument (17). 

Celiac Sprue Histology 

The sev ere celiac sprue lesion may* be easily recognized by examining the 
surface of the fresh biopsy with a hand lens (3); the slender, normal vilH offer 
a marked contrast to the bald or knobby appearance in celiac sprue. Less 
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Fig. 2. — Nomwl pro\imal jejunal suction biopsies. A: 7 year> old, 
B: 18 years old, C: 50 years old, 75X. 


severe lesions may be more (lifTicult to cliffcrcntiatc grossly. At higlier mag- 
nifications the normal fresh specimen shows an extensive capillary network 
lying in appoMiion to the surface columnar cells; this contrasts dramatically 
with the sparse capillaries of irregular distribution and uneven caiil)cr in 
celiac sprue (3). 

The histology of the intestiital lesion in celiac sprue has been the subject 
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Fig. 3. — MiW proxinul jejtmal ccluc spnic li>ion. 7S X. 


of many papers (3, 4, 19, 20 to 27, 28 to 31, 32, 37). During the past four \ ears 
over ISO provimal intestinal biopsies from 60 celiac sprue patients of all ages 
have been carefully evaluated In this laboratory. Over 350 specimens from 
130 patients with and without gastrointestinal disease have served as con- 
trols. There is considerable variation within the normal range of proximal 
jejunal biopsy (Figs. 2.A; 7jears old; 2B: 18 years old; 2C: 50 years old). 
Lesions xary in appearance from mild widening of the villi (Fig. 3) to com- 
plete loss of villous structure (Fig. 4). Epithelial surface cell changes and 
inHItration of the lamina propria were usually olivlous In the more severe 
lesions (Fig. 4), although these changes are not invariably present and, in 
fact, are usually absent m mild lesions (Fig. 3). Our studies would indicate 
that the most dependable single objective histologic criterion for diagnosing 
this illness is reduction in epithelial surface (3). Without clinical foreknowl- 
edge, independent histologic e\a)uation by three experienced observers and 
objective quantitation of epithelial length by a fourth, agreed with the 
proved clinical diagnoses of celiac sprue in every instance; the lesion was not 
diagnosed in any of the controls (3). 
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Padykula et al. (32), after counting the increased number of mitoses 
which are obvious hislologicaily in the severe celiac sprue lesion, found the 
mitotic index to be twice normal. This finding, as well as the lengthening of 
the crypts (3, 31, 32, 37), was taken by them to indicate an increase in the 
rate of cell renewal and cell loss in celiac sprue (32). As they themselves 
stated, this interpretation depends upon the assumption that the mitotic 
duration is the same as that seen normally. The duration of mitosis in human 
intestinal epithelium is unknown either in normal subjects or in those with 
celiac sprue. 

Celiac Sprue Histochemistry 

The same six electrophoretically distinct, hydrolytic enzymes were found 
in the intestinal mucosa of celiac sprue and controls (33). Padykula and her 
associates (32) have produced a thorough and thoughtful investigation of 
the morphological and histochemical features of the severe celiac sprue 
lesion. HistochemicaHy, the germinative crypts of Lieberkuhn generally 
showed a deficiency of enzymes in both the lesion and in the controls except 
for strong adenosinetriphophatase activity in normal crypts (32). The com- 
plete absence of alkaline phosphatase in both normal and abnormal crj’pts 
served as an excellent demarcation between crypt and villous epithelium. 
The epithelium over the whole length of the normal villus was rich in en- 
zymes (32). In their severely abnormal biopsies, the villous epithelium 
covered only a short distance, between the end of the lengthened crypt and 
the surface: it contained normal enzymes although some were reduced in 
amount. Except for alkaline phosphatase, their severely abnormal surface 
epithelium was deficient in all enzymes that are normally present at the 
villus tip and that are presumably needed for transport of nutrients (32). 
These interesting qualitative, histochemical interpretations will require con- 
firmation by quantitative techniques when they are developed. 

Celiac Sprue Electron Microscopy 
There have been several preliminary investigations of the intestinal 
absorptive cell’s ultrastructurc in celiac sprue in recent years. The electron 
microscope is admittedly a powerful tool permitting far greater magnification 
and resolution of structure than the light microscope; but with these advan- 
t.iges come far more comple.v problems of orientation, sampling, and artifact. 
The time consumed by careful electron microscopy is incredible; it may take 
many months to study a single biopsy that could be thoroughly examined by 
light microscopy in a few minutes. The early work of the Hartmans and their 
collc.agucs (34) in tins field utilized a biopsy before and after a glutcn-frcc 
diet in a iiatient with celiac sprue. Despite the tissue damage resulting from 
delay in fixation and other technical problems, they demonstrated decreased 
size and number of the microvilli in the brush border in celiac sprue. In a 
preliminary note. Zcltcrqvist & Hendrix (35) illustralcd apparent improve- 
ment in the microvilli of a single case of ccliac sprue after institution of a 
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Fig. S. — Electron inictograph of a proximal jejunal biopsy of mild celiac sprue 
lesion, (fixation-collidine buffered osmic acid, embedding-epaxy resin). A. Upper 
halves of several absorptive cells facing the intestinal lumen including their brush 
borders MV = microx’illi at the brush border; T\V « terminal web area beneath brush 
border. 9500 X. B, Higher magnification of the area ia Figure 9A within the blacL 
rectangle. D = desmo“ome, i.e., area of attachment beta een cells; M = mitochondrion ; 
ER*=cndoplasmic reticulum. 35100X. 

gluten-free diet. The electron micrographs from 13 celiac sprue patients of 
biopsies taken by Padykula et al. (32) confirm unequivocally that the 
micro\ illi of the surface cells arc reduced in size and number. They described 
other changes in the abnormal surface cells; mitochondrial enlargement, 
decreased mitochondrial density, and decreased membranous components of 
the endoplasmic reticulum (32). Observations by Phelps (36) confirm the 
changes in the microvilli and pmnt up some of the difficulties in samplingand 
orientation. For example, normal micro\-illi cover absorptive epithelium in 
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the mouth of the crypts only a fe\v cells distant from the abnormal microvilli 
of the surface cells. Exact orientation is imperative because the most severe 
abnormalities and often the only ones are seen on the well-oriented surface 
facing the lumen. This requires great skill in trimming the block and repeated 
examination of thick sections by phase microscopy. Phelps has noted a wide 
spectrum of change in untreated celiac sprue; the milder lesions show less 
microvillous alteration in the surface cells and no evident changes in mito- 
chondria or membranous components (Figs. 5A and 5B). 

Interpretive Difhculties 

The greatest single source of error is the artifact caused by tangential 
sectioning. Figure 6A illustrates a section at the edge of a biopsy from a 10- 
month-old boy exhibiting a tangential artifact which simulates a moderately 
severe celiac sprue lesion; Figure 6B reveals normal duodenal villi in serial 
sections taken further along in the same block within its well-oriented 
central core. The careful orientation of tissue and the precise sectioning 
technique required to minimize this source of misinterpretation have been 
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Fjo. 7. — Normal mid*duodenaI suction biopsy showing the Brunner artifact. 


described in detail elscw here (3, 10). Tangential artifact is inevitable even in 
perfectly oriented specimens because some villi are always askew at the time 
of fivation; for this reason we use only the very best oriented areas for diag- 
nostic interpretation and consider the presence of four or more completely 
normal villi in a row sufficient to exclude the diagnosis of celiac sprue (Figs. 
lA, IB, 2C). Normal Brunner’s glands may replace the mucosa and flatten 
the villi in the first and second portions of the duodenum (Fig. 7) ; lymphoid 
nodules, especially in children, cause interpretative difficulties (3, 10). Both 
of these normal variants may lead to incorrect diagnoses of celiac sprue. 

The lesion is a diffuse one (3. 37) which decreases in severity caudally' (3, 
18, 37). Sampling error is not a great problem if the level of biopsy' is con- 
trolled. If ten biopsies are taken near the duodenojejunal junction on the 
same day in the same celiac sprue patient, there w ill be only mild variation in 
their histologic severity and all will be diagnostic (3). 

Dl ^G^OSTIC SPECIFICITV 

There are claims that the celiac sprue lesion may be seen after gastrec- 
tomy (38, 39), neomycin treatment (40), In severe malnutrition (41), with 
.\siatic cholera (42), and in non-specific diarrheas (43). We have examined 
biopsies from all of these entities in our own patients or in tissue kindly- 
loaned us by other investigators; as a result we believe that the great 
majority of these biopsies are normal. Many of the illustrations in the papers 
cited arc within the normal range and others represent understandable 
misinterpretations of tangential artifacts. Occasionally. Brunner or lymphoid 
artifacts are represented as the celiac sprue legion. Those few biopsies which 
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were clearly abnormal in these conditions may well come from patients with 
tropica! or celiac sprue. 

In this laboratory, proximal jejunal biopsies taken from patients having 
the following diseases \\ith associated steatorrhea were within normal limits: 
chronic pancreatitis, cystic fibrosis of the pancreas, agammaglobulinemia, 
Zollinger-Ellison syndrome, pernicious anemia, partial gastrectomy, partial 
intestinal resection, and jejunal diverticulosis. Other conditions which might 
theoretically be associated with intestinal alterations proved to have normal 
proximal jejunal biopsies: severe malnutrition, iron deficiency, myxedema, 
acromegaly, hypopituitarism, scleroderma, infectious diarrhea, and selective 
vitamin Bj; malabsorption with proteinuria (106). 

Clinically, tropical sprue is different from celiac sprue in its lack of 
response to a gluten-free diet (44 to 47) and in its tendency to spontaneous 
remission (48, 49). Its pathogenesis is unknown. Histologically, we have been 
unable to discern obvious differences between these two entities although 
those with greater experience with the tropical variety believe they can (SO), 
Thus, with the possible exception of tropical sprue, the lesion in celiac sprue 
seems, in our present state of knowledge, to be specific and diagnostic (3). 
Should the morphologic appearance prove less specific with further experi- 
ence, the ability of wheat to cause the lesion would still be pathognomonic 
(Sec GLUTEN IN CELIAC SPRUE, Histologic Observations). 

There are a few other diseases that may be diagnosed by the unique 
appearance of their proximal intestinal mucosae: In Whipple's disease 
(23, 37, 51, 52, 53), the villi are stuffed with macrophages containing sickle- 
shaped particles (54) which are positive with the ^-aminosalicylic add 
(PAS) stain. 

Acanthocytosis (55 to 59) is a rare but interesting hereditary disorder, 
characterized by steatorrhea, spiny red cells, neurologic abnormalities, and 
absence of &<*/<i-lipoprolcin (59). Characteristically (59), intestinal absorp- 
tive cells covering the upper portion of the villi arc packed with cytoplasmic 
vacuoles; their brush borders are usually intact; the crypt cells and the rest 
of the villous epithelium arc uninvolvcd (Fig. 8.-\ — normal villus; Fig. 8B — 
acanthocytosis). Histologically, one would guess that the intestinal absorp- 
tive cells have failed to metabolize lipid material that was absorbed from the 
intestinal lumen, although the histochemistry of the vacuoles remains to be 
established. 

The finding of Gi.'irdia lamblla on the external surface of normal x-illi 
suggests the diagnosis of giardiasis (60), a cause of steatorrhea which re- 
sponds to atabrinc. These organisms take the H and E stain poorly and care- 
ful search under oil is needed to find them. 

Protein-losing gastroentcropathy (6! to 64) is best demonstrated by the 
polyvinyl pyrrolidone (r\^P) test (65). It may be caused by various known 
exudative lesions such as giant hypertrophic gastritis (66), gastric cancer 
(67), regional enteritis (6S, 69), ulcerative colitis (68, 69). sarcoid (70). 
ixriartcritis (70), non-specific granuloma (70), and in rare cases of heart 
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failure (69). There is a remaining idiopathic group in which no intestinal 
mucosal lesion is apparent; recently, dilated Ijmphatic vessels have been 
obser\ed in small bowel biopsies from such cases (69) and one wonders 
whether some unsuspected obstructive process may cause this lymphectasia 
and be the source of protein leakage. 

Regional enteritis is theoretically diagnosable by suction biopsy, but, 
from a practical point of \icw, tt is a difficult diagnosis to make because the 





Fig. 8. — ^Tips of well-oncnted vilH. 300X. A. Normal B. Acanihoc>tosls 

lesion is patchy and usually distally located. It is difficult to approach 
because impaired peristalsis may keep the tube from reaching the area of 
mucosal invoUement (60); furthermore, the most characteristic changes are 
beyond the depth of suction biopsy. 

GLUTEN IN CELIAC SPRUE 

In 1950, Dickc (5) demonstrated that remo\al of wheat from the diet 
caused the symptoms and signs of ccliac disease to disappear, whereas 
reintroduction of the offending agent caused recurrence. In a series of 
classical experiments Dicke (6), \V«jers & van de Kamer (6, 71, 72, 73) 
confirmed and extended these obserx'ations. The Dutch workers recom- 
mended that wheat, r>-e, barley, and oats be removed from the diet (72) 
although oats in England now seem relatively harmless (74). The efficacj- of a 
meticulous gluten-free diet in celiac sprue was quickly confirmed by other 
observers in both children (75, 76) and in adults (45, 77 to 80). 
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BlOCHEillCAL OBSERVATION'S 

It was soon demonstrated that the injurious fraction of wheat was con- 
tained in gluten, its water-insoluble fraction (6). Gluten extracted with 50 
per cent ethanol yields gliadin, an unusual protein containing 43 per cent of 
glutamine (72). Gliadin by mouth is just as toxic as gluten in celiac sprue 
(72), but glutamine or glutamic acid alone are without effect (81). After 
digestion with pepsin or trypsin, gliadin yields a six-or seven-amino acid 
polypeptide (82) which has not lost its toxicity (82). Furthermore, destruc- 
tion of all of the sulphur-bridge interchain bonds in this polypeptide also does 
not destroy the toxicity (83). On the other hand, if gliadin is digested with 
papain (82) or an extract of fresh porcine small intestinal mucosa (84), it is 
split up into its amino acids prominent among which are glutamine and 
proline (82); this digest has lost its ability to exacerbate celiac sprue (82). It 
is of interest that although tryptic or peptic digestion fails to release proline 
from gliadin, it does release it from zein (corn protein) and casein (milk 
protein), both of which are non-toxic in celiac sprue (82). If gliadin is de- 
amidated by hydrolysis with weak acid, it loses its toxic effect in celiac sprue 
(81); this treatment converts the glutaminal residues in the gliadin to the 
free glutamyl residues without having much effect on the peptide linkages. 

Some observers have reported that an ora! dose of gliadin in celiac sprue 
causes a greater rise in the blood levels of glutamine or glutamine-contain- 
ing polypeptides (85) than it does in normal subjects (86 to 90), although 
this is by no means a uniform (87, 8S) or a specihe phenomenon (88, 90). An 
unusual fast-moving peptide containing no proline has been observed in the 
scrum of juvenile celiac sprue patients on a gluten-containing diet (91). The 
exact chemical nature of the substances measured in the blood by the various 
methods employed is uncertain. Excessive levels of several substances in the 
urine have been observed in celiac sprue patients on a gluten-containing 
diet: /»-hydro\yphenylacetic acid (92). 5-hydroxyindoleacetic acid (93), 
indolc-3-acetlc acid (94), glutamate (95), and indican (96). 

On the basis of these fragmentary biochemical observations, various 
theories regarding the pathogenesis of celiac sprue have been proposed. 
Central to most of them is the hypothesis that celiac sprue is an inborn error 
of metabolism with a deficiency of some essential enzyme necessary for 
metabolizing gliadin anti related proteins. It is not a deficiency of leucylam- 
inopeplidase (97). There arc several other speculations regarding the patho- 
genc-sis of this disease that have less evidence to support them. 

Steatorrhea is the hallmark of all malabsorption and celiac sprue is no 
exception. It is a fascinating fact that patients with this disease absorb 
unsatiiratcd fats more efficiently than saturated fats (71, 98). They may 
indcetl have a normal coefficient of fat absorption and improve clinically if 
all tif the fat in their diet is unsaturated (98). A considerable elevation in 
most of the scrum lipid components occurrctl In a child with ccHac <Iiscase 
when the source of dietary fat was shifted from corn oil to cream despite the 
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resultant decrease in fat absorption (99). An understanding of this mecha- 
nism might concei\ably have wide-spread therapeutic applications. 

Histologic Observations 

The nature of the relationship between gluten and the intestinal lesion is 
obscure Although the lesion may improve (28) and even disappear (19) in 
young patients after gluten removal, it persists in the great majority of 
adults and has been observed even after five years of clinical remission on a 
careful gluten-free diet (28). Furthermore, there is a puzzling lack of correla- 
tion between the histologic sc\erity of the proximal lesion and the patient s 
clinical status (19, 28, 37). 

Recent ob9er\atiQns may help to explain these apparent inconsistencies 
and offer some insight into the pathogenesis of celiac sprue. Using the 
hydraulic biopsy tube (16), observers saw no normal areas in samples 
obtained from the entire length of the small intestine of two adults with 
seiere celiac sprue whose diet contained gluten; however, the lesion was 
definitely less severe distally (18. 60). In marked contrast, two well patients 
on a gluten-free diet had varying lengths of normal appearing and normal 
functioning distal jejunum and ileum (3,100). These observations suggest 
that the proximal bowel is most severely damaged because it is exposed to 
the highest concentration of undigested dietary gluten. With institution of a 
gluten-free diet the intestinal abnormality may recede in a proximal direc- 
tion, the milder, more distal lesions recovering first and the more severe 
proximal ones last, or not at all. Irreversible proximal damage may result 
from jears of gluten exposure. 

The length of diseased proximal bowel may correlate better with the 
clinical severity of each case of celiac sprue than does the appearance of a 
random proximal biopsy. This theory gains support from the findings in two 
adults with this disease who were on meticulous gluten-free diets; the patient 
whose fat absorption became normal had a far shorter length of abnormal 
proximal intestine than the other patient who had residual steatorrhea (100). 
Obviously, studies which rely on proximal biopsy alone yield an incomplete 
picture because examination of one end of the intestine does not permit 
conclusions regarding all of it Biopsies taken only from the duodenum and 
proximal jejunum do not assess completely the effect of gluten removal; the 
most severely involved proximal segment may change slowly or be irrever- 
sibly damaged while unknown lengths of the less exposed distal segment may 
has e recov ered. Furthermore, it is essential to take biopsies from exactlj' the 
same level if anv comparison is to be made before and after treatment. The 
reason for this is now clear, when one tak^ a group of proximal intestinal 
biopsies on the same day. those which are even a few inches distal may 
appear less diseased (100). 

The normal appearing distal intestine in treated celiac sprue (3) offers 
a unique opportunity for determining the relationship between gluten and 
the mucosal lesion. Wheat was instilled thrice daily via an inljing tube into 
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the normal appearing bowel of two patients with idiopathic sprue while their 
gluten-free diets were continued (100). In both patients this procedure not 
only caused a severe exacerbation of clinical sprue but also changed the 
appearance of the previously normal ileal mucosa to that characteristically 
seen in celiac sprue proximally (100). Widespread ileal damage caused 
malabsorption of vitamin Bjs for many months in one of these patients. 
Similar wheat instillation in normal controls produced neither symptoms nor 
histologic changes. Unpublished experiments performed in this laboratory 
prove that 50 gm. of wheat can severely damage the normal ileal mucosa in 
celiac sprue within 6 hr. of its instillation and. furthermore, that the morpho- 
logic alterations can disappear entirely within 30 hours! 

With a meticulous gluten-free diet the proximal intestinal lesion in 
juvenile celiac sprue may improve or disappear completely within 3 months 
to a year (19); in one young patient histologic improvement has been 
observed in as little as three weeks (60). In adults, some proximal mucosal 
restitution is frequently revealed by serial biopsy during a compulsive 
gluten-free diet (60, 101); the changes however are far less dramatic than 
those seen in children. Figure 9A illustrates a severe proximal lesion in a 35- 
year-old woman with recent onset of celiac sprue; Figure 9B illustrates the 
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resultant decrease in fat absorption (99). An understandinR of this mecha- 
nism might concei\ ably ha\ e wide-spread therapeutic applications. 


Histologic Obscrvatioss 

The nature of the relationship between gluten and the intestinal lesion Js 
obscure. Although the lesion may improve (28) and even disappear (19) in 
young patients after gluten removal, it persists in the great majority of 
adults and has been obscr\ed even after five years of clinical remission on a 
careful gluten-free diet (28). Furthermore, there is a puzzling lack of correla- 
tion between the histologic severity of the proximal lesion and the patient s 


clinical status (19, 28, 37). 

Recent observations may help to explain these apparent inconsistencies 
and offer some insight into the pathogenesis of celiac sprue. Using the 
hydraulic biopsy tube (16), obser\ers saw no normal areas in samples 
obtained from the entire length of the small intestine of two adults with 
severe celiac sprue whose diet contained gluten; however, the lesion was 
definitely less severe distally (18, 60). In marked contrast, two well patients 
on a gluten-free diet had varying lengths of normal appearing and normal 
functioning distal jejunum and ileum (3,100). These observations suggest 
that the proximal bowel is most severely damaged because it is exposed to 
the highest concentration of undigested dietary gluten. With institution of a 
gluten-free diet the intestinal abnormality may recede in a proximal direc- 
tion, the milder, more distal lesions recovering first and the more severe 
proximal ones last, or not at all. Irreversible proximal damage may result 
from y ears of gluten exposure. 

The length of diseased proximal bowel may correlate better with the 
clinical severity of each case of celiac sprue than does the appearance of a 
random proximal biopsy. This theory gains support from the findings in two 
adults with this disease who were on meticulous gluten-free diets; the patient 
whose fat absorption became normal had a far shorter length of abnormal 
proximal intestine than the other patient who had residual steatorrhea (100). 
Obviously, studies which rely on proximal biopsy alone yield an incomplete 
picture because examination of one end of the intestine docs not permit 
conclusions regarding all of it. Biopsies taken only from the duodenum and 
proximal jejunum do not assess completely the effect of gluten remov’al; the 
most severely involved proximal segment may change slowly' or be irrever- 
sibly damaged while unknown lengths of the less exposed distal segment may' 
have recovered. Furthermore, it is essential to take biopsies from exactly the 
same level if any comparison is to be made before and after treatment. The 
reason for this is now clear: when one takes a group of proximal intestinal 
biopsies on the same day, those which are even a few inches distal may’ 
appear less diseased (100). 

The normal appearing distal intestine in treated celiac sprue (3) offers 
a unique opportunity for determining the relationship between gluten and 
the mucosal lesion. Wheat was instilled thrice daily' via an inlying tube into 
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the normal appearing bowel of two patients with idiopathic sprue while their 
gluten-free diets were continued (100). In both patients this procedure not 
only caused a severe exacerbation of clinical sprue but also changed the 
appearance of the previously normal ileal mucosa to that characteristically 
seen in celiac sprue proximally (100). Widespread ileal damage caused 
malabsorption of vitamin Bi; for many months in one of these patients. 
Similar wheat instillation in normal controls produced neither symptoms nor 
histologic changes. Unpublished experiments performed in this laboratory 
prove that 50 gm. of wheat can severely damage the normal ileal mucosa in 
celiac sprue within 6 hr. of its instillation and, furthermore, that the morpho- 
logic alterations can disappear entirely within 30 hours! 

With a meticulous gluten-free diet the proximal intestinal lesion in 
juvenile celiac sprue may improve or disappear completely within 3 months 
to a year (19); in one young patient histologic improvement has been 
observed in as little as three weeks (60). In adults, some proximal mucosal 
restitution is frequently revealed by serial biopsy during a compulsive 
gluten-free diet (60, 101); the changes however are far less dramatic than 
those seen in children. Figure 9A illustrates a severe proximal lesion in a 35- 
year-old woman with recent onset of celiac sprue; Figure 9B illustrates the 
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le-ultant decrease ... far al.sorpt.on (■»). An understanding of this mecha- 
nism might conceit abb. hat e nide-spread therapeutic applications. 

Histologic Observations 

The nature of the relationship between gluten and the intestinal lesion is 
obscure. Although the lesion may improve (28) and even disappear (19) in 
\oung patients after gluten removal, it persists in the great majority o 
adults and has been obscr\ed c\en after five \ears of clinical remission on a 
careful gluten-free diet (28). Furthermore, there is a puzzling lack of correla- 
tion betueen the histologic seA-erit\ of the proximal lesion and the patient s 
clinical status (19. 28, 37). 

Recent ob'Crxations ma> help to explain these apparent inconsistencies 
and offer some insight into the pathogenesis of celiac sprue. Using the 
hjdraulic biopsy tube (16). obserxers saw no normal areas in samples 
obtained from the entire length of the small intestine of two adults with 
sex'cre celiac sprue whose diet contained gluten; however, the lesion was 
definitely less sex ere distally (18, 60). In marked contrast, tw o w ell patients 
on a gluten-free diet had xarylng lengths of normal appearing and normal 
functioning distal jejunum and ileum (3,100). These obserx-ations suggest 
that the proximal boxxel is most sexerely damaged because it is exposed to 
the highest concentration of undigested dietary gluten. With institution of a 
gluten-free diet the intestinal abnormality may recede in a proximal direc- 
tion. the milder, more distal lc«tons recovering first and the more severe 
proximal ones last, or not at all. Irrex'ersible proximal damage may result 
from j ears of gluten exposure. 

The length of diseased proximal bowel may correlate better xxith the 
clinical sexerity of each case of celiac sprue than docs the appearance of a 
random proximal biopsy. This lhcor>' gains support from the findings in two 
adults with this disease xvho xxereon meticulous gluten-free diets; the patient 
XX hose fat absorption became normal had a far shorter length of abnormal 
proximal intestine than the other patient x\ho had residual steatorrhea (100). 
Obxiously, studies which rely on proximal biopsy alone \-ieId an incomplete 
picture because examination of one end of the intestine does not permit 
conclusions regarding all of it. Biopsies taken only from the duodenum and 
proximal jejunum do not assess completel}- the effect of gluten remox-al; the 
most severely in\-olx-ed proximal segment may change slowlj or be irrexer- 
sibly damaged while unknown lengths of the less exposed distal segment may 
ha\-e recox ered. Furthermore, it U essential to take biopsies from exactly the 
same lex el if any comparison is to be made before and after treatment. The 
reason for this is now clear: when one takes a group of proximal intestinal 
biopsies on the same day. those which are exen a few inches distal may 
appear less diseased (100). 

The normal appearing distal intestine in treated celiac sprue (3) offers 
a unique opportunity for determining the relationship betxxeen gluten and 
the mucosal lesion. Wheat was instilled thrice daily \-ia an inljing tube into 
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the normal appearing bowel of two patients with idiopathic sprue while their 
gluten-free diets were continued (100). In both patients this procedure not 
only caused a severe exacerbation of clinical sprue but also changed the 
appearance of the previously normal ileal mucosa to that characteristically 
seen in celiac sprue proximally (100). Widespread ileal damage caused 
malabsorption of vitamin Bu for many months in one of these patients. 
Similar wheat instillation in normal controls produced neither symptoms nor 
histologic changes. Unpublished experiments performed in this laboratory 
prove that 50 gm. of wheat can severely damage the normal ileal mucosa in 
celiac sprue within 6 hr. of its instillation and, furthermore, that the morpho- 
logic alterations can disappear entirely within 30 hours! 

With a meticulous gluten-free diet the proximal intestinal lesion in 
juvenile celiac sprue may improve or disappear completely uithin 3 months 
to a year (19); in one young patient histologic improvement has been 
observed in as little as three weeks (60). In adults, some proximal mucosal 
restitution is frequently revealed by serial biopsy during a compulsive 
gluten-free diet (60, 101); the changes houever are far less dramatic than 
those seen in children. Figure 9A illustrates a severe proximal lesion in a 35- 
year-old woman with recent onset of celiac sprue; Figure 9B illustrates the 
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m)lder prosimtil patholi g\ after sK months of a plutcn-frec diet. This is one 
of the most dram.mt rr«.p{>iiscs to gluten rcnunal recorded thus far; un* 
doubtedU ins>t.uiris of tompleie intestinal recovery in aduUs Mid be re- 
ported 

It Js lhu^ apparent that exhibition of wheat is followed regularly bN 
inte^titia! mjui’. m cehac sprue and that its removal is followed by restitu- 
tion of inteaiinal intcgriis. Such changes do not occur in controls. These 
findings suggest a specific metabolic defect in cch'ac sprue which precedes 
in)ur% b> wheat Clinical famiU studies suggest a genetic liasis (48. 102 to 
105) for the defect and this is supjiorted by the demonstration of character- 
istic biopsies in two succeeding generations and in identical twins (28). The 
e\ulci\ce to date suggests that neither gluten nor the intestinal abnormality 

the pnmar\ cau^e of celiac sprue. U appears, instead, that they are 
iniertening links in a causal chain which begins as a specific metabolic 
defect and ends In a cHnicaU> apparent illness. Current vigorous research 
promises to yield further clues regarding the mis'ing links. 
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CARDIOVASCULAR DISEASE; MYOCARDIORATHIES' 

By Eugene D. Robin, M.D. 

Department of Medicine, University oj Pittsburgh School of 
Medicine, Pittsburgh, Pennsylvania 

This review will attempt to develop some broad general concepts regard- 
ing the myocardiopathies rather than being exhaustive or complete. The 
references cited are generally limited to the English language. 

Scope of This Review 

Approximately 25 years ago, chronic myocarditis was a frequent and 
popular diagnosis. It was defined as a lesion in which cardiac failure was 
associated with normal vah’es and pericardium while the heart muscle 
showed hypertrophy alone or in combination with fibrous interstitial myo- 
carditis (1). Subsequent work established that most of these patients had 
either hypertensive heart disease or coronary artery disease as a cause of their 
cardiac failure. As a result, the diagnosis of chronic myocarditis received less 
and less attention. In recent years, the importance of diseases involving the 
myocardium, more or less in specific fashion, has become apparent and it is 
now generally accepted that a targe number of unrelated diseases may afTect 
the myocardium. Saphir has been a leader in defining this group of diseases 
and has carefully documented their nature and incidence (2). He has adopted 
the generic term "myocarditis" to describe them. However, this term is not 
completely satisfactory since many of these diseases are not basically inflam- 
matory. The term "myocardosis" has also been suggested (3) but this desig- 
nation is likewise unsatisfactory because of the inflammatory nature of a 
number of the entities comprising this disease category. 

The term "myocardiopathy” has therefore been selected to describe this 
group of diseases. The myocardiopathies may be defined as a broad group 
of diseases of diverse etiology that specifically involve the myocardium to 
produce abnormalities of structure, abnormalities of function, or both. The 
end result of many of these disease processes may be the development of 
myocardial fibrosis. 

Functional Pathology 

There are various mechanisms by which the abnormalities of structure 
related to a given myocardiopathy may become translated into functional 
abnormalities. 

One such mechanism is acute massive necrosis of myofibers. Acute de- 
struction of muscle fibers may be so extensive that the remaining muscle 
fibers arc simply not adequate in amount to maintain a normal cardiac out- 
put (4). In addition to the quantitative insufficiency of muscle, the reduction 

* The survey of the literature pertaining to this nrview was concluded in Septem- 
ber, I960. 
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ol coronarj' Mood How associated with the reduced cardiac output may dam- 
age prenously umnvolved fibers. Even if the degree of necrosis is not suffi- 
cient to precipitate failure quickly, the work load of uninvolvcd myofibrils is 
necessarily increased, resulting in ultimate hypertrophy and the ultimate 
development of failure. 

In other forms of mj'ocardiopathy (infectious myocarditis, isolated 
myocarditis, hypersensitmty myocarditis), the inflammatorj' infiltrate may 
be limited to the Interelitial tissues of the heart with little or no evidence of 
direct injury to contractile elements (4). The mechanism of cardiac insuffi- 
ciency is not completely clear in such cases. However, one factor which seems 
to be of importance, under the circumstances, is the impairment of diastolic 
filling and systolic emptying resulting from the distortion by the infiltrate 
of the normal volume-pressure characteristics of the heart. This mechanism 
is clearly present in patients with diffuse myocardial fibrosis (5). 

Another mechanism for the dewlopment of cardiac failure is the com- 
pression effect of diffuse myocardial infiltrations. For example, in some forms 
of cardiac amyloidosis individual myofibrils are surrounded, compressed and 
ultimately undergo atrophy as the quantity of amyloid increases (6, 7, 8). 
The relationship between myocardial atrophy and cardiac failure has clearly 
been shown in some patients with constrictive pericarditis (9). 

Another mechanism that contributes tothedevelopment of cardiacfailure 
is related to situations in which there is a deficienc>' in, or an inability to use, 
oxygen or substrate. A priori, one would expect cardiac muscle to be par- 
ticularly vulnerable to such varieties of injury because of the high myocardial 
energy requirements as shown by the relatively high proportion of total 
cardiac output utillaed by the myocardium (10) ; as show’n by the high degree 
of oxygen extraction by the myocardium (IJ); and as shown by the fact 
that myocardial cells have a far greater number of mitochondria than other 
muscle cells (12). Such divergent diseases as beri-beri, shock, and anemia 
may lead to hydropic degeneraUon. myofibrillar swelling, and finally to 
frank myocardial necrosis (4). Ultimately, it may be that many or all of the 
etiologic factors capable of producing the myocardiopathies fundamentally 
interfere with the normal energetics of cardiac muscle. 

Finally, a given process may produce its manifestations by invoKdng the 
conduction apparatus of the heart. In the myocardiopathies, the entire 
gamut of conduction and rhythm disturbances may be seen including partial, 
intraventricular and complete heart block, A-V dlssodation, atrial, nodal, 
and ventricular ectopic beats or tachj'cardias. Such disturbances may occur 
in the absence of histologically demonstrable lesions of the conduction sys- 
tem and, conversely, there may be histologic abnormality in these areas with- 
out conduction or rhythm disturbance (13, 14). 

Etiologic Bacecrousd 

The etiologic background of the myocardiopathies is vast. A partial list 
of the etiological situations underlying the myocardiopathies is shown in 
Table I. Any classification of this variety is, to a certain extent, arbitrary 



TABLE I 

The Etiologic Background of the Myocardiopathies 


I. Myocardiopathy associated with 
infection (infectious myocarditis) 

A. Bacterial 
Diphtheria 
Suppurative 

B. Viral or postviral 
Coxsackie 

Influenza (IS, 16. 17) 
Poliomyelitis (18, 19) 

Measles (20) 

German measles (21) 

Mumps ( 22 ) 

Chicken pox (23) 

Smallpox (24) 

Viral pneumonia (25) 
Interstitial pneumonia with 
myocarditis (26) 

Viral hepatitis (27) 

Infectious mononucleosis (28) 
Encephalitis with myocarditis 
(25) 

Encephalomyocardltis (EMC 
virus) (29) 

C. Granulomata of infectious eti- 

ology 

Tuberculosis (30) 

Syphilis (30) 

Fungal 

D. Parasitic 
Trichinosis 
Schistosomiasis (31) 

E. Protozoan 
Chagas disease (32) 
Toxoplasmosis (33, 34) 

Amebic (28) 

F. Leptospira (35) 

G. Rickettsial (36) 

If. Myocardiopathy assoaated with 
systemic inflammatory disease 

A. "Colbgen*' diseases 
Rheumatic fewr 
Acute glomerulonephritis 
Lupus erythematosus 
Polyarteritis nodosa 
Scleroderma 
Dermatomyositis 
Rheumatoid arthritis 

D. Sarcoidosis 

HI. Myocardiopathy associated with 
non-in fUmmatory $>'5lenuc disease 


A. Amyloidosis 

B. Hemochromatosis 

C. Hemosiderosis 

IV. Myocardiopathy associated with 
metabolic or nutritional disorders 

A. Berl-beri 

B. Xanthomatosis 

C. Glycogen storage disease (37) 

D. Fat storage disease (37) 

E. Endomyocardial fibrosis 

F. Anemia 

V. Myocardiopathies assodated with 
hypersensitivity reactions 

A. Serum sickness 

B. Penicillin 

C. Arsphenamine 

D. Sparteine 

E. Bismuth 

F. Sulfonamides 

G. Phenylbutazone 

VI. Toxic myocardiopathies 

A. Chloroform 

B. Phosphorus 

C Carbon monoxide 

D. Benzol 

E. L-Norepinephrine 

VIL Myocardiopathies associated with 
muscle or neuromuscular disease 

A. Myotonia atrophica 

B. Friedreich’s ataxia 

C. Progessivemusculardystrophy 

D. Myasthenia graws 

E. Thymoma 

F. Myocardiopathy associated 

with smooth muscle myositis 

G. Myocardiopathy associated 

with skeletal muscle myositis 

H. Thyrotoxicosis 
Vni. Obscure 

A. Fiedler’s myocarditis 

B. Giant cell myocarditis 

C. Congenital idiopathic hyper- 

trophy (38) 

D. Adult idiopathic hypertrophy 

(39) 

E. Chronic fibroplastic myocar- 

ditis (40) 

F. Idiopathic right cardiac hyper- 

trophy (41) 
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but has the virtue of stressing important inter-relationships. Where discus- 
sion of a given entity U not undertaken in the text, suitable references are 
cited in the table. 

The best characterized and understood myocardiopathies are those re- 
lated to infection. Infectious agents produce disorders of myocardial function 
in a variety of ways. There may be direct invasion of the myocardium by 
organisms with destruction of fibers produced by liberated endotoxin such 
as in suppurative myocarditis. 

The organism may elaborate an exotoxln which interferes with myo- 
cardial metabolism. This is presumably the mechanism by which diphthenc 
myocarditis is produced. It has been suggested that diphtheria toxin produces 
histologic damage and cardiac failure by interfering with the normal function 
of cytochrome-6 since diphtheria exotoxin closely resembles in structure the 
protein fraction of this respiratory enryme (42). If the oxidation of sucdnate 
is blocked by diphtheria toxin then increased levels of succinate dehydro- 
genase levels might be present m affected muscles. Recent histochemical 
studies by MustakaUio indicate that this is the case (43). 

Viral agents may invade either nucleus or c>*toplasm of myocardial cells 
and produce perversions of cellular metabolism resulting in abnormal myo- 
cardial function (44). 

Finally, the original effect of the infectious agent upon the myocardium 
may be relatively unimportant, but the reaction of the myocardium to the 
presence of the infectious agent may result in myocardial damage. For ex- 
ample, in trichinous myocarditis, the oi^anism is rarely found in the myo- 
cardium and the myocarditis appears to depend on an allergic or hypersensi- 
tivity reaction (45). This is presumably also the mechanism of the postviral 
myocarditides (24). 

Myocarditis as shown by clinical or pathological criteria has been de- 
scribed as an occasional complication of most viral diseases. In particular, 
the development of transient electrocardiographic abnormalities has been 
used to document the existence of myocardial invoIvemenL 

However, during the past 10 years, there has been the emergence of 
practical and reliable techniques for the diagnosis and isolation of specific 
virus agents (46). Such techniques have permitted more specific delineation 
of the role of viruses in the pathogenesis of myocarditis. An excellent example 
of the use of these techniques concerns the relationship between the Cox- 
sackle group of riruses and myocarditis. 

It has been shown that Group B Coxsackle viruses may be associated 
with a fatal myocarditis of newborn human Infants (47 to 57). It has also 
been shown that this group of viruses may produce pericarditis or myo- 
carditis, or both, in the adult human (58 to 65). Myocarditis has also been 
produced experimentally in young and adult mice by exposure to Coxsackie 
virus (66, 67, 68). 

Human prenatal infection is severe and frequently fatal. The primary 
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sites of infection are the myocardium, brain, and meninges. Virus has been 
recovered from feces (69, 70), brain (50), spinal cord (51), and myocardium 
(50, 57, 70, 71) of patients. The evidence for transplacental transmission is 
convincing (52). 

Adult mice and humans are much more resistant to the infection than 
are young animals. With some strains, exposure to cold or pretreatment with 
cortisone is required to produce infection of adult mice. Adult human myo- 
carditis is relatively uncommon as compared with its incidence in the new- 
born (53). The basis for the increased susceptibility of the newborn is not 
clear. 

In addition to patients with obvious myocardial involvement, it seems 
likely that subclinical forms of infection are common. The relationship be- 
tween subclinical infection and chronic heart failure of unknow'n etiology is 
conjectural. 

Aside from its direct clinical importance, Coxsackie virus myocarditis 
may be regarded as a model for future studies. As basic knowledge concerning 
viruses increases, and as specific methods for viral isolation and viral diag- 
nosis improve, the exact relationship between the various virus diseases and 
myocarditis will become clearer. 

As mentioned above, the time relations involved in some of the postviral 
myocarditides and, in particular, the development of myocarditis following 
vaccination (23), suggests tliat hypersensitiWty factors are important in the 
pathogenesis of these forms of myocarditis. 

In recent years there has been an apparent increase in the incidence of 
fungal myocarditis (28). Such fungal agents as Candida and Aspergillus as 
well as fungi of greater inherent pathogenidty, have been reported as causa- 
tive agents. Some of this increased inddence is undoubtedly related to the 
increased use of antibiotics (28). Depending on the fungal agent, there may 
be the development of a necrotizing myocarditis or a granulomatous myo- 
carditis (29). 

The myocardiopathies associated with the so-called collagen diseases 
present a broad spectrum of disorders. There is a wide difference in the degree 
and type of myocardial involvement. In rheumatic fever, the heart appears 
to be a primary focus of involvement, whereas myocardial involvement, 
when present, in rheumatoid arthritis is almost inddental. Also, there are 
wide individual variations in the degree of myocardial involvement in any 
specific member of this group. Myocardial ln\’olvementin scleroderma with 
the development of diffuse myocardial Abrosis is probably the best character- 
ized member of this group. Whether there is any unitary pathogenetic basis 
in this group of diseases remains to be established. 

Sarcoidosis is a disease of unknown etiology whose inddence is apparently 
increasing (72). Myocardial involvement occurs in approximately 5 to 10 
per cent of patients (73). Myocardial sarcoidosis in the absence of involve- 
ment of other organs has not been reported (29). Involvement takes the form 
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Friedreich’s ataxia (88), progressive muscular dystrophy (89), postmeno- 
pausal muscular dystrophy (90), myasthenia gravis (91), thyrotoxicosis and 
thyrotoxic myopathy (92), thymoma in the absence of myasthenia gravis 
(93), generalized skeletal muscle myositis (94), and with smooth muscle 
myositis (95). 

The final group of myocardiopathies are obscure in terms of their patho- 
genesis. The most important members of this group are Fiedler’s myocarditis 
and giant cell myocarditis. 

Fiedler’s myocarditis is an acute interstitial disease. It is generally re- 
garded as an isolated myocarditis, that is, a myocarditis occurring without 
involvement of any other organs. It is not clear that this represents a single 
disease entity. It has been reported to occur in epidemic fashion (96) and the 
possibility of a viral etiology has been raised. On the other hand, sporadic 
cases are more common and an allergic basis for some of these has been 
postulated on the basis of some rather tenuous evidence (97). Clinically, the 
disease is associated with a tendency for sudden and unexpected death. 

Giant cell myocarditis presents a picture which clinically resembles 
Fiedler’s variety but, histologically, the interstitial infiltrate contains vary- 
ing numbers of giant cells (29). The differentiation between this variety of 
myocarditis and Fiedler’s is one of only pathological interest. 

Hemodynamic Adnormalities 

The hemodynamic abnormalities found in diffuse myocardial disease 
show a relatively consistent pattern. This form of heart disease is associated 
with a low cardiac output that results, in part, from a restriction of diastolic 
filling of the heart. This restriction is shown by the presence of a pressure 
plateau from Che peripheral veins to the pulmonary capillaries (mean pressure 
in peripheral veins, right atrium, right ventricular end diastolic pressure, 
pulmonary artery diastolic pressure, and mean pulmonary capillary pressure 
do not differ by more than 5 mm. of Hg). Such a pressure plateau is also 
present in patients with constrictive pericarditis and appears to result from 
an alteration of the normal volume-pressure distensibility characteristics of 
the heart. In the case of myocardial disease, it appears that the infiltrating 
material imposes its own distensibility characteristics on the myocardium. 
In the case of constrictive pericarditis, the thick, fibrous connective tissue 
making up the pericardial scar plays the same role. 

The absence of a pressure plateau in some patients (relatively high pres- 
sures in the right ventricle, pulmonary artery, and pulmonary capillaries) is 
found in patients with primarily left ventricular involvement, evidence that 
is consistent with the thesis of distensibility alteration as the fundamental 
defect. 

Impairment of systolic emptying is presumably present as well, although 
evidence for this is histological and therefore indirect. The fact that diffuse 
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groups (103, 104) as a diagnostic aid in heart disease of unknown etiology 
\nthout mortality or serious morbidity. This technique is too recent for 
critical appraisal. 

One is therefore left with a careful history, physical examination, radio- 
logic examination, and electrocardiogram as the best general diagnostic 
measures available for the study of patients with the myocardiopathies and, 
from this point, one must proceed with a knowledge of the differential diag- 
nosis in an attempt to establish a more specific diagnosis. 
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CAIODIOVASCULAR DISEASE: EXTRACORPOREAL 
CIRCULATION^ 

By D. G. Melrose, M.A., B.M.B.Ch. 

Departtwnts of Clinical Pkysicdogy, Postgraduate Medical School and 
Hammersmith Hospital, London, England 

In 1953, Gibbon (1) reported the repair, under direct vision, of an inter- 
atrial septal defect. The patient, an adult woman, recovered completely. The 
normal circulation was excluded from the heart for 25 min., the heart's func- 
tion and that of the lungs being imitated successfully by a heart-lung ma- 
chine. This report confirmed the application to man of many years of specu- 
lation and experimentation, and ushered in a new era of surgery. 

In 1812, Le Gallois (2) had written “If one could substitute for the heart 
a kind of injection of arterial blood, either naturally or artificially made, one 
would succeed in maintaining alive indefinitely any part of the body whatso- 
ever.” In 1858, Brown-Sequard (3) performed such experiments. After the 
decapitation of a dog, cannulae were inserted into the common carotid and 
vertebral arteries on both sides and arterial blood injected by means of a 
syringe. Movements of the eyes and jaws continued during the 15 min. of 
perfusion. Earlier, this great experimentalist had confirmed that cessation 
of flow in these vessels for longer than S| min. caused the death of the dog. 
Ten years later, Ludwig (4) and Schmidt reported an attempt to oxygenate 
venous blood in their perfusion apparatus by shaking it in a balloon. The 
method was not effective enough to permit a continuous perfusion. In 1882, 
ShrSder (5) found that he could not effectively oxygenate venous blood by 
bubbling air through it without converting a large proportion of it into foam. 
Jacobj (6) in 1890 and Brodie (7) in 1903 mixed air and blood by pumping 
them through a tube. 

A different principle was used by Frey & Gruber (8) in their artificial lung 
built in 1885, They spread blood in a thin film over the inner surface of a 
cylinder and exposed it to oxygen. The surface area was about half a square 
metre. Several variants of these methods were tried in the succeeding years 
and so ineffective were they that many physiologists abandoned artifidal 
methods enUrely and made use of animal heart-lung preparations. 

In 1929, Brukhonenko (9), on the basis of several years of animal experi- 
ments, was able to conclude: 

Would not this method, duly perfected, be useful in clinical medicine: notably 
in those cases where it would be essential to replace, if only for a time, the work of the 
failing; human heart? Without going more deeply Into this question wc can state as a 
result of the present work, that, in principle artificial circulation is applicable to man 
not only clinically, but perhaps also for certain operations on the temporarily arrested 
heart. For its achlc\Tment, ho\^•cvcr, a suitable technique would ha\-e to l» v.orkcd 

* The survey of the literature pertainingtothisirview was concluded In July, 1960 
67 
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out. The solutioa oi the problem of the artlfidal circulation of the whole animal opens 
the door to the problem of operations on the heart, for example on the valves. 

One other contribution prior to 1953 stands out and that was the detailed 
description by V. O. Bjork in 1948 (10) of his work on per/ usion of the brain. 
This is a landmark for two reasons — it was the first full description of the 
rotating disc oxygenator, which is now the most successful device in clinical 
use, and it contained a masterly analysis of the problems to be encountered. 

Work reported in several papers between this date and 1955 (11 to 19) 
helped to lay a firm experimental basis for the clinical application of the 
heart-lung machine w’hich is now the dominant force behind advances in 
cardiac surgery. It is this clinical application that has, deservedly, com- 
manded most of the energy in this field and it is not surprising that mechani- 
cal design has lagged somewhat. 

PuupiKG Systems 

Little has been added to the specifications of an Ideal pump introduced at 
the work conference held in Chicago to September, 1957 (20) and the litera- 
ture contains few references to new pumps. 

One model of interest is the Mono pump described by Hall etal. (21). This 
pump is novel in that the flow from it is continuous in type. It works by the 
rotation of a screw within an elastic stator of different pitch, so that the fluid 
- is drawn along the thread as the rotor revolves. Friction is, of course, gener- 
ated between the two members of the pump, which should be destructive, 
but in tests it has been surprisingly atraumatic. Its use in the pumping of 
strawberry jam without destroying the berries perhaps demonstrates this 
aspect of it. Recently used clinically in England, it may well join the more 
conventional patterns. 

The author (22) has modified the classical roller pump of DeBakey to 
allow plastic tubing of normal form to be used more satisfactorily. The 
modification consists of grooring the backplate to accept the tube along 
which runs a roller, the shape of which is such that it invaginates one wall of 
the tube into the other. If the radii of roller and groove are arranged to match 
one another, an efficient occlusion is produced with minimum trauma. A 
further modification is that the rollers are carried on spring-loaded shafts so 
the tension may be adjusted to provide optimum efficiency. That degree of 
tension which maintains a constant output at a predetermined resistance 
pro%-ides the most satisfactory way of ensuring accurate perfusion. 

Too little attention has been directed to the problem of clearing blood 
from the open heart. Miller & Albritten (23) have published an account of 
experiments designed to show how' serious a problem this can be. They 
showed in dogs how the degree of negati\*e pressure used to withdraw' blood 
can influence perfusion with a Kay Cross oxygenator. A high negatA-e pres- 
sure predisposes to air embolism by entraining minute bubbles. 

The method advocated by Donald. Harshbarger & Kirklin (24) w’hereby 
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a roller pump withdraws blood by its pumping action, is favoured by the 
author who believes that two such suction lines are necessary as well as one 
of the negative pressure type. A modification of their method in which blood 
so pumped is allowed to degas in a helix system similar to that of DeWall (25) 
aids in the elimination of air. 


Oxygenators 

Three new oxygenators have been announced, one of which is of novel 
type. This is a combination of the rotating drum and membrane systems (26, 
27, 28) whereby blood is streamed over a rotating membrane of siliconized 
nylon through which gas diffuses into and out of the blood. Thomas (29) has 
described it and claimed a very high efficiency for it. Certainly, it seems a 
useful step towards the development of a wholly satisfactory membrane 
system. Some of the factors implicit in such a device have been discussed by 
Benvenuto & Lewis (30). Such a mechanism must have a great deal of ap- 
peal although until development proceeds to the point where packaged units 
can be drawn from store, the full value will not have been realised. 

The membrane itself must have very special properties (31), allowing 
diffusion of oxygen and carbon dioxide through It at a rate of about 20 cc./ 
sq.m./min. without itself being so porous that blood leaks through it. It 
must have sufficient mechanical strength to withstand pressure, be capable of 
sterilisation by heat, and be inert in respect to blood — at first sight an almost 
impossible ideal. However, chemical engineers have found that silicone 
elastomers can be produced that virtually meet the specification. At this 
time the problem has advanced from a search for a perfect membrane to the 
problem of its best utilisation. 

The provision of a wholly suitable semipermeable membrane does not in 
itself solve the many problems of design encountered in an oxygenator of this 
type. The membrane must necessarily be supported in a manner which pro- 
vides sufficient rigidity and protection and allows the maximum of surface 
area to be utilised. Unsupported membrane layers do not provide for an even 
distribution of blood on their surfaces, and the formation of rivulets and 
streams results in only partial use of the available surface. A practical solu- 
tion is to sandwich a pair of membranes between two plates whose surface is 
corrugated. If the grooves in one plate are set at an angle to those in the 
other, then a quilted effect is produced on the membranes between them and 
excellent distribution of blood results. By trial and error, a matching of 
characteristics can be achieved wherein such a quilt will allow free blood flow 
at a minimal pressure gradient without trapping a large quantity of blood 
between the films. 

Having thus achieved an effective spreading of thin films of blood be- 
tween adjacent membranes, another factor comes into play. There is on the 
surface of the membrane a layer of fluid known as the boundary layer; if this 
is not disturbed and broken up it acts as a barrier to the full efficiency of gas 
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diffusion. The natural solution is the rhythmic pulsing of respiration in the 
lung which must, in part, disturb this layer. An imitation of this effect could 
be achieved in the membrane-oxygenator. 

If a pulsing effect can be given to the lung then it is logical to attempt to 
use the lung itself as a circulating pump. If two sections of a membrane- 
oxygenator are set up so that they can be expanded and contracted alter- 
nately, and if the inlet and outlet to each section are equipped with valves, 
then a combined oxygenator and pump is created- With the addition of 
accurate heat control a heart-lung machine ver>' close to the ideal will be 
available. Such a device has been made to function but as yet many prob- 
lems remain unsolved (32). 

Perhaps the most widely used oxj-genator is that employing rotating discs 
and that of Kay and Cross the most popular model. They have improved the 
performance of their dewce by using convoluted discs in place of the smooth 
ones previously specified (33). However, it is a disc oxygenator of quite new 
form that is the second of the new types. Osborn et al. (34) have described 
their modiffcation which has considerable advantages over the conventional 
type. With greatly increased efficiency of oxygenation they have combined a 
useful heat exchanger to make a very elegant improvement. 

Many and various are the bubble oxygenators. An Interesting develop- 
ment of this basic system is the third of the new types. It is described by 
Panico & Neptune (3S) and has, as Us chief advantage, the fadlity of being 
worked without being primed with blood. Such an attribute is, of course, of 
very conuderable signihcance and much interest attends its clinical trials. 
The ever-increasing demands for donor blood in cardiac surgery are imposing 
a large burden on the community and this characteristic of priming volume 
will play a^’ital part in judging the merits of any heart-lung machine. 

Makagesient op Perfusion at Nosmae Body Temperature 

Now that the controversy between the low flow and high flow principles 
is at an end, it is possible to be rather more sj^dfic as to what constitutes an 
adequate perfusion, and, indeed, little need to be added to the comments of 
Kirklin el a!., Clark, and Varco et al. in the monograph, Exlracorporeal 
Circulalion (20). 

The author subscribes to the ^ew that a satisfactory perfusion is one 
which is phj'siolopcally undetected by the patient, and suggests that preser- 
vation of a constant pressure in the central venous system does much to 
eliminate vascular readjustments i3S). Considerable clinical experience with 
a regimen that places emphasis on an arbitrary but fixed arterial input at 2.4 
l/min./sq.m., and a constant central x'enous pressure only underlines its 
usefulness. 

For its successful use, it is essential to have available an adequate range 
of sizes of both arterial and venous cannulae and to know the performance of 
these various tubes (37). Table I is a synopsis of such an analysis and forms 
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TABLE I 


A Guide to Normotheilmic Perfusions ok the Basis of 
Surface Area of Patients 


Surface Area 
in sq. m. 

Output from 
Pump, cc. 

Int. Dia. of 
Otnnula, mm. 

Pressure Created 
by Cannula, 
mm.Hg 

Venous 

Catheter 

Int. Dia. mm. 

0.4 

960 

2.5 


3.9 

O.S 

1200 

3 


4.7 

' 0.6 

1440 

3 

7S 

4.7 

0.7 

1680 

3 


4.7 

0.8 

1920 

3.5 

7S 

S.5 

0.9 

2160 

3.5 


5. 5 

1.0 

2400 

4 

70 

5. 5 

1.2 

2880 

4 

80 

6.3 

1.4 

3360 

4.5 

75 

6.3 

1.6 

3840 

4.5 


6.3 

1.8 

4320 

5 


7.9 

2.0 

4800 

5.5 


7.9 

2.2 

5280 

6 
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an eiTective guide to perfusions on the basis of the surface area of patients. A 
boon conferred by the choice of appropriate venous catheters is that the 
venous pressure will be but rarely aflected by their emplacement in the 
venae cavae. Thus, it will not be important to hurry the initiation of perfusion 
in order to avoid the (all in cardiac output that follows obturation of the 
venae cavae by too large a catheter, nor will it be necessary to suck hard on 
these tubes to obtain the required flow. 

Having placed into the venae cavae tubes of the predicted size, it is pos- 
sible to adjust the venous return In cither of two ways. Either the suction 
pressure on the catheters is varied by altering the height difference between 
the patient and the heart*lung machine or, more simply, a throttle is adjusted 
on the venous line. In this manner, the pressure within the great veins is 
maintained at a constant level and, in doing so, it will be found that the pa- 
tient’s blood volume remains constant as docs the balance between arterial 
inflow and venous return. Any change in level of blood in the heart-lung 
machine is caused by an alteration in the volume of blood obtained in the 
combined system of patient and machine. It may be loss from the operation 
site; it may be merely a reflection of the volume of blood contained within 
the heart and lungs themselves. The increment to the circulating blood 
Volume, when a large heart is emptied, may exceed a litre and, conversely, 
when such a heart is refilled the decrement may be as large. Allowance is 
properly made for such changes, not by altering the perfusion rate as ts likely 
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when the venous return controls the arterial rate, but by temporarily storing 
this blood until it is again required. ^ ^ 

Thus, the perfusion proceeds with no alteration in rate of arterial input 
and, by the maintenance of a constant venous pressure, allows automatically 
for alterations in combined blood volume, seeking always to prcseni'e that 
of the patient rather than that of the machine. In such a manner, it is possible 
to ignore the machine save to prevent it from running too empty for safety 
and to complete the perfusion wthout reference to the sometimes complex 
distribution of blood in various rescr\'otrs, tubes, and other apparatus. In 
like manner, it is possible to ignore the characteristic of many machines to 
varj' the amount of contained blood as the flow rate through them alters. 
This attribute may otherwise require quite elaborate calibration if its effect 
is to be set aside. 

Such a system implies that the central venous pressure accurately re- 
flects the blood volume of the patient and it is thus unnecessary’ to invoke 
complex methods of measurement of this quantity’. Certainly, weighfog the 
patient is as often as misleading as it can be useful. 

At the end of perfusion after the venous catheters have been removed, 
the central venous pressure should be identical with that found before the 
tubes were inserted. If it is lower then the blood volume is also lower than 
normal and an arterial transfusion from the machine is needed. In normal 
circumstances a low venous pressure will be accompanied by a low arterial 
pressure and both should rise tc^etber to normal levels as transfusion pro- 
ceeds. It U only ^hen a higher than oorraal venous pressure is found that 
dif&cuUy may arise. A higher venous pressure accotnpan>’ing a high or nor- 
mal arterial pressure, together with a full or distended heart, is easily ex- 
plained. Venesection, either deliberately, or by \-irtue of continuing blood 
loss, will rapidly correct this. Howe\-er. it is when a higher than normal 
venous pressure accompanies a low arterial pressure that judgment may be 
necessary In setting the blood volume at its optimum. Such a set of dreum- 
stances inevitably indicates a degree of heart failure and may require that 
the venous pressure be raised quite markedly to maintain a useful cardiac 
output, A good example is to be found in the transient tricuspid vafve in- 
sufBciency which occasionally accompanies the repair of a ventricular septal 
defect. Traction of the chordae tendineae, displacement of a papillary’ musde, 
or even the presence of the ventricular wound itself may induce a marked 
reflux of blood from the right ventride into the right atrium which, in turn, is 
accompanied by a rise in central venous pressure. To attempt to return to 
the venous pressure existing before the intracardiac manoeuvre would, of 
course, be an error in judgment and result in a reduced blood volume, a 
reduced cardiac output and, inevitably, a low arterial pressure. Treatment 
of the latter by the administratioD of vasopressors could only compound the 
error. An optimum central venous pressure exists in these drcumstances and, 
indeed, where other types of heart failure occur, and it is essenrial by patient 
adjustment of the blood volume to determine this. Gross overloading of the 
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circulation is not likely to be any better tolerated than gross oligaemia, but 
fear of the former should never allow the latter which must restrict greatly 
the ability of the damaged heart to maintain a useful output. 

Thus, it may be confidently stated that measurement of the central ve- 
nous pressure is a reliable guide to the blood volume of patients undergoing 
heart surgery when an extracorporeal circulation is used. It is suggested that 
no better method exists even in circumstances when it is of least use, namely, 
the occasion when heart failure has been created by surgical intervention. 

Hypothermia 

The most exciting recent development is the re-entry of hypothermia as a 
manageable asset to extracorporeal circulation. The pioneer work of Gollan 
(38) has been applied clinically in a number of centres, nowhere more deter- 
minedly than by Sealy et al. (39). The use of the Brown-Emmons heat ex- 
changer has enabled the body temperature to be manipulated at will with 
speed and precision and allowed considerable clinical advance. Such altera- 
tions in temperature need new rules of thumb to guide the perfuser. A good 
example is to be found in cyanotic heart disease when a substantia! bronchial 
artery anastomosis may greatly hinder surgery and also allow a substantial 
proportion of the arterial inflow to go to waste. A reduction of body tempera- 
ture 28® to 25®C. will enable the arbitrary figure of 2.4 l/min/sq m to be com- 
pletely effective in providing a full perfusion notwithstanding the extra- 
cardiac shunts. 

A modification of the technique of Sealy and his colleagues which does 
not involve an oxj’genator, is that of Drew ft al. (40, 40a), who have made 
use of the natural lung in situ. Two pumps cany the circulation from the 
nght and left heart through a heat exchanger until the body temperature is 
reduced to below at which time the circulations are discontinued. 

Surgery proceeds in cadaveric conditions with little need for intracardiac 
suction or even the presence of the cannulating tubes which occupy the right 
and left atria, the pulmonary artery, and femoral artery. When complete, 
the extracorporeal circulations are resumed and the cooling process reversed. 
In practice, good results are obtained by this method in spite of cessation 
of all circulation for protracted periods, sometimes for as long as an hour. 

Inherently simple in equipment and sparing of blood, it is a most inter- 
esting field and one which may alter our present concepts. 

Hypothermia is playing a part in a more regional way and is being used 
as a method of arresting the heart beat. Gott el al. (41) and Shumway et al. 
(42) report its use as a local perfurion of the myocardium to protect the 
heart itself from the anoxia that attends prolonged ischaemia. They claim a 
more \’iable and effective return of contraction than is possible with any 
other method. Bjork in Upps.ala (43) reduces the body temperature to low 
temperatures, then isolates the heart by aortic clamping and immediately 
begins rewarmtng the body. The heart itself is kept cold by Ice packs. In this 
manner, he was able to work on the aortic ^'alve for a period of 90 min. with 



MELROSE 


74 

full recovery. Such a method reduces the rather time-consuming periods 
required for cooling and rewarming large patients. 

Surgery of the aortic valve demands long periods of cardiac ischaemia, 
and hypothermia either general or local must be considered to be essenual. 
Alternatives such as elective cardiac arrest by potassium citrate or ace- 
tylcholine cannot protect the heart for long periods and have indeed been 
determinedly challenged by Waldhausen el al. (44), who maintain that these 
substances are inherently dangerous. They advocate short periods of aortic 
clamping as an alternative when tWs is practicable. This is undoubtedly an 
effective method and allows an important degree of control over heart block 
pro\dded the heart beat is never allowed to deteriorate. Electrocardiographic 
monitoring will aid the pladng of stitches only if the rhythm is preserved by 
adjusting the periods of ischaemia to suit any given conditions. 

Dodrill & Takagi (45) have amplified the period of elective arrest by 
potassium dtrate in an ingenious manner. They have supplied ATP in the 
cardioplegic mixture and hence allowed a much longer time of anoxic metabo- 
lism. However, it seems likely that alternatives to the chemical methods of 
controlling the heartbeat will prevent full use of their discovery. 
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HORMONAL INFLUENCES ON RENAL FUNCTION^-* 

By Laurekce G. Wesson, Jr., M. D. 

Department oj Medicine, New York Unirersity School oj Medicine, 

New York, New York 

The subject matter of this review has not previously been discussed 
separately in the Annual Review of Medicine but has been included in more 
general reviews of the kidney such as those of Earle (66) and Lauson (143). 
An attempt will therefore be made to summarize the results of older studies 
as well as to cite recent contributions. Hormonal influences on renal function 
will be considered only in the narrow sense. Although all endocrine systems 
affect renal function collaterally through more or less devious pathways, only 
those systems, in which a circulating secreted humoral agent directly affects 
some element of the kidney, can be discussed usefully. 

Adenohypophysis 

Removal of the anterior or the entire pituitary gland in dogs is followed 
by marked decreases in GFR, ERPF, TmpAH, and Tmo (67, 116, 208, 235, 
236, 238, 239). The maximal tubular transport rate of glucose is particularly 
depressed, the extent of which can be only partially lessened by adminis- 
tration of thyroid or adrenocortical extracts or adrcnocorticotropin. The 
depression in function can be prevented, or supranormal values can be 
attained, by the administration of anterior pituitary extracts, particularly 
those representing concentrates of somatotropin (92, 239). Sulfate transport 
Js also enhanced by the somatotropic fraction (92), and it may be concluded 
pro-risionally that this principle is the only secretion of the adenohypophysis 
with a significant, direct effect on the kidney. 

In man, GFR, ERPF, TmpAn and Tmo are depressed in panhypopitui- 
tarism (38, 113, 151, 152, 209, 231) and increased above normal in acromeg- 
aly (93, 118, 152). Gershberg (91) reports a 40 per cent increase in endoge- 
nous creatinine clearance during daily administration of 1 to 10 mg. of human 
somatotropin in two patients wnth panhypopituitarism, and increases of 
roughly 60 per cent in two patients with uremia and one patient with cir- 
rhosis and ascites. Tubular phosphate rcabsorption (assuming that creatin- 
ine clearance reflects a qualitative increase in GFR) also increased. 

Adrenal Cortex 

Glomerular filtration rate, ERPF, and TmpAn or Tmo are moderately 

' The survey of the literature pertaining to this review was concluded in June, 
1960. 

* The following abbrcvniUons will be used; ADH (antiduretic hormone); ERPF 
(effective renal plasma flow); GFR (glomenilar filtration rate); PTE (parathyroid 
extract); Tmo (tubular maxima glucose); Tmo (tubular maxima diodrast); TmrAU 
(tubular maxima p-aminobippunite); Tmj^j (tubular maxima phosphate). 
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Htrte il any increase in Tmean or Tmn. alAongh some ™ n GFR and 
ERPF may be obsers ed (6, 37, 63. 86, 117. 120, 121, 136, 174). AH ct tn 
adrenocortical steroids appear to faciUtate renal tubular 
reabsorption although this effect, as reflected .nadecre^em 
may (r^uently be masked in the case ot Elneucort.co.ds bV J 

stimnlattag effect on GFR Increased NaCl reabsorpOou '<>'’‘>'""2 * 
administration of corticoids in adrenopnval dogs is particularly 
relatively low Na excretion rates, and decreases in Na excretion of as muM 
as 0.2raif/min. may be observ-ed folWog deor>-corticosterone admm^tra- 
Uon to adrenalectomized dogs (89. 177. 181. 218). At high rates 
excretion such as accompany saline loading, no clear difference be « m 
normal and adrenalectomized dogs is et-ident in NaCl reabsorpuon ( i . 


^^^Bargcr, Berlin & Tulenko (15) and Ganong & Mulrow (85) infus^ 
aldosterone into one renal artery of dogs. They observed that a decease in 
sodium excretion and increase in potassium excretion became evident m 
about 30 min. but required sev'cral hours to attain maximum effect. Re a 
tively little steroid appeared to be extracted by the organ during a siog e 
drculation. August & Nelson (13) obsen-ed a similar time course in the 
decrease in NaCl excretion during aldosterone infusion in man, and an hour 
was required before the stimulating effect of aldosterone on the sodium 
transport by the isolated toad bladder was cNident lCrabb6 (48)]. Dayey ' 
Lockett (53) demonstrated that antinatriuresis occurs following perfusion o 
the isolated cat kidney by aldosterone at a blood concentration of 0.5pg./l 
mL but only if ox^-todn is also present. In the absence of ox>’tocin. sodium 
excretion increased. The mechanism of this interesting effect remains obscure 
because of the simultaneous increases in renal hemod>'namic functions follow* 
ing addition of either aldosterone or oxylodn to the perfusate. Vander, 
Wilde & MaUin (229) and Vander el al. (228), employing the stop-flow 
technique, and Nicholson (166), emplopng retrograde HgCIi injection or 
intra-arterial tartrate to inflict damage predominantly on distal and prox- 
imal segments, respectively, of the nephron, have concluded that aldosterone 
and deox>*corticosteronc act predominantly on “distal" regions of the nep 


ron. 

A field of theoretical interest and of possibly important clinical applit^ 
tions has been opened by observations that certain steroids and related 
compounds may inhibit adrenocortical stimulation of electrol>"te transpo^ 
Kagau-a (128), Landau rl cl. (135), and Landau & Lugibihl (139) observed 
that progesterone increased Na excretion or blocked the sodium-retaining 
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action of deoxycorticosterone or aldosterone in humans and rats. No effect 
was observed in patients with Addison's disease. Similar effects following 
testosterone administration were observed in the rat by Kagawa & Jacobs 
(129), and following synthetic steroidal gamma lactones given to human 
subjects by Liddle (147) and Playoust& Blackburn (170), and seen in the 
salt-deficient rat by Singer (192). Vander, Wilde & Malvin (229) report 
that minimum sodium concentrations attained in “distal” tubular sodium 
samples during stop-flow experiments in the dog are increased to a degree 
commensurate with those observed following adrenalectomy. Crabbe (48) 
has reported that spirolactone blocks the stimulating effect of aldosterone on 
sodium transport by the isolated toad bladder. Potassium excretion is de- 
pressed simultaneously as sodium excretion is increased [del Greco (58)1. 

At the same time that NaCl reabsorption is stimulated by adrenocortical 
steroids, potassium and hydrogen ion secretion is stimulated, presumably by 
facilitating the exchange of these intracellular ions with intratubular sodium 
ions (13, IS, (53, 88, 181). Ammonia excretion is depressed in Addison’s 
disease (127, 146, 149) and in the adrenoprival dog (106) and rat (31), 
although a metabolic acidosis is usually present. Although this depressed 
excretion may be attributed in part to an inadequate intratubular supply of 
hydrogen ions, it is also evident that the increase in ammonia excretion 
that is observed during chronic acidosis in normal subjects has failed to occur. 

The glucocorticoids and ACTH also affect the renal excretion of urate, 
phosphate, and proteins. Administration of steroids to both normal and 
gouty subjects Is followed acutely by an increase in urate clearance and a 
slower decrease in plasma urate concentration (100, 120, 121, 199). Whether 
the increase in excretion reflects a decrease in reabsorption or increase in 
secretion of urate is unknown. Steroids cause Tmpot to decrease in the dog 
(Roberts & Randall (178)], and phosphate clearance to increase in man 
[Ingbar cl al. (120, 121)]. Anderson & Foster (8) found that Tmpo* decreased 
about 30 per cent in three patients with Addison’s disease receiving 75 mg. of 
cortisone daily and decreased by roughly the same amount in two of three 
normal subjects receiving 100 to 200 mg. Smaller quantities (37.5 rag.) 
caused no change in Tm in the hypoadrenal subjects. Arison & Stoerk (11) 
showed that the phosphaturic effects of cortisol in the rat could be largely 
suppressed by parathyroidectomy, although some phosphaturia could still be 
elicited by massive quantities of cortisol (100 mg./kg.). The mechanism is 
unclear since, on the one hand, cortisol failed to potentiate the phosphaturic 
action of parathyroid extract in parathyroidectomired rats and, on Che other 
hand, lack of significant hypercalcemia (in other studies) docs not seem to be 
compatible with steroid stimulation of parathyroid secretion. Protein cxcrc- 
bon frequently may decrease during or immediately following chronic 
administration of ACTH or glucocorticoids in nephrotic patients, particu- 
larly those with “lipid” nephrosis. The decrease in proteinuria is attributable 
almost entirely to a decrease in filtration of albumin fLauson cl al. (144. 
145)1. In addition, albumin reabsorption may increase slightly to moderately 
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elusive. 

Adbekai. Medulla 

The priedpal effects of the two secretory products of ‘1'=^“' 
epinephrine and norepinephrine, are on the renal arculatio . . 

aionr the most extensive studies are available, injection o( ‘hese aimi^ 
invariably associated with a decrease in ERPF. The E 
rate is unchanged or may increase slightly with small quantil es, but is 
decreased moderately when the decrease m renal plasma flow is larg 
results of some studies are detailed for coovemeace in Table I. ^ 

In addition to their effect on renal hemodynamics, ^bese anunes deprw 
potassium excretion acutely and chronically in humans (64, 1 , » 

dogs (27, 28) and rats (74, 95). At the same time, urine acidity may decrea 
ISchlegel (182)1, an effect which is contrary to the usual pattern of an inverse 
relationship between urinary potassium and add excretion rates. The mec 
anisms are unknown and no studies have appeared recently. 


Gokads 

Gonadal deflciency or the administration of excess testosterone or estra- 
diol has little effect on GFtl or ERPF in man (57, 62, 132, 140, 142); or dog 
(176, 232, 237). No effect on Tmo was observed following ovariectomy m the 
dog (237), or on TmpAO or Tmo following the administration of estradiol or 
testosterone in the dog (176), or of testosterone (57, 132, 142) or estradio 
(57) in man. An increase in TmpAH assodated with testosterone administra- 
tion has, however, been reported in the dog in one study (232); and t e 
compensatory increase in function (GFR, Tmo) following unilateral ne- 
phrectomy in man is reportedly enhanced by testosterone (142). No effect o 
estradiol or testosterone on Tmo in man has been observed (57, 132). 

Estradiol has been found to decrease tubular reabsorption of ascorbate in 
the dog (185), but no changes in ascorbate excretion attributable to changing 
ovarian function have been seen during the menstrual cycle in women accor 
ing to Hauck (108). 

Neurohtpophysis 

The neurohypophysis is represented by a mass of histologically and 
functionally homogeneous tissue composed of the median eminence, the 
pituitary stalk, and the pars nervosa linked functionally through the bypo- 
thalamico-neurohypophyseal tracts to the supraoptic and paraventricular 
hypothalamic nuclei and possibly, to a lesser extent, to other hypothalamic 
nudei IFishcr, Ingram & Ranson (79)1. Two secretions are recognized: an 
oxytodc prindple, the actiN-ity of which can be accounted for by the 
peptide, oxytodn; and a pressor-antidiuretic principle the activity of which 
can be accounted for by the octapeptide, vasopressin. Although these pnn- 
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Effects of Sympathomimetic Amines on Renal Plasma Flow and Glomer- 
ular Filtration Rate in Man* 


Mean per cent change 

Reference 

Substance and meUiou oi aUuiiiUaLiaLiuu 

ERPF 

GRF 

.. fo.5-0.8 mg., i.m. 

Adrenalm|o s.io^g„./„i„., i.v. 

-44 

-44 

-24 

-IS 

Barclay, Cooke & 
Kenney (14) 

_ . , . fl.O-l.S mg., half i.m., half 8.C. 

-45 

-33 

- 9 
-IS 

Maxwell et al. (156) 

Adrenalin 1 mg. s.c. 

-38 

- 4 

Smith (196) 

Adrenalin 1 mg. half i.m., half s.c. 

-28 

+ 4 

Smith et al. (197) 

Adrenalin 1 mg. s.c. 

-45 

- 1 

Chasts el al. (43) 

Epinephrine 0.013-0.015 mg./kg. s.c. 

-23 

- 7 

Duprd&Coxon (65) 

Epinephrine (USP)l2-46 *»gm./min., i.v. ^ 
L-epinephrine [rate adjusted to sustain 

L-norepinephrine J 25-50 mm. Hg B.P. rise 

-15 

-22 

-28 

+ 6 

0 

- 3 

Smythe, Nickel & 
Bradley (198) 

i-norcpinephrine\rate adjusted to sustain 
Ephedrine J2S-S0 mm. Hg B.P. rise 

-21 

+ 6 

- 5 
+ 1 

Nickel et al. (165) 

. . , . f2-4 uem./min.. i.v. 

'"'°r=P‘"'Pl>r>n=(ia^o%gn,./niin.. !.v. 

1 1 

0 

-5 to -20 

Pullman & McClure 

1 (172) 

L-norepinephrine 20-30 /xgm./min., i.v. 

-28 

- 5 

Barnett et al. (18) 

fiOO #«gm./hr. i.v. 

EpmephriJ300rem.,^r.i.v 

1 100 pgm./hr. j.v.y 
[lOO pgm./hr. Lv.J 

-21 

-30 

-18 

-23 

+ 5 
+ 4 
+ 1 
_ 9 

Koza, Kottke & 
Olson (133) 

L-norepinephrine 12-40 ;»gm./min., i.v. 
Epinephrine 14-40 *igm./min., I.v. 

-23 

-16 

+ 1 

Werko et al. (233) 

Epinephrine 10-18 ^igm./min., i.V. 

-41 

-15 

Jacobson, Hammar- 
sten & Heller (124) 

Norepinephrine 0.16-0.50 pg./kg./min., i.v. 

-40 

- 6 

Mills, Moyer & 
Skeleton (158) 

Epinephrine** 

Norepinephrine** 

Dcox>-cphcdrine** 

-IS 
-18 
+ 19 

+ 1 
+ 2 
+30 

Churchill-Da\ndson 

& Wylie (44) 


* All studies on nonnal subjects unless othenvise indicated, 
t Hypcrtcnsi\‘e patients; av. B-P. 189/116. 
t S>'nipathcctomu:ed patients: av. B.P. 189/1 U. 

** Patients anestlietlzed wth ether or cyclopropane. 
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dples probably do not drcula.e 1„ ihe bW entirdy a, the tree oc.apopHdea 

(,43a), rnostatadte have ten 

Oxytoan “ ““ jg g 4 123. 134, 169), an effect attributed, at 

Studies on the rat (16, Sa, 3 . , , . j exerts little 

uretie in the oligurie dog I^'“birly folteing mtracarot ) 

[Brooks & Pickford (34)). The latter authora (34), and Al. (7) re^^^ 
oxytodn in the dog undergoing irater diuresis may be assraat 
sSndal increases in ERPF and »Hth lesser inmeases s‘m>l 

changes (but n-ithout chloruresis) have ten seen by Davey & ^*e C ) 
in the isolated cat kidney. The hemodynamic effects are "« ■’b“ra dun g 
antidiuresis or it small quantities of vasopressin are injected ^ 

(34). A similar enhancement of ERPF and GFR by mrytoan has been ^ 
Ued in the hypopbvaectomired dog (59). No signlfirant 
of oxytodn has been reported in human subjects (3a, 41). Kaliur^ts W S 

oxytodn injection may be a secondary consequence of increased sodium ex 
cretion but this is not clearly esUbUshed. ^ ^ 

The pressor-antidiuretic principle (vasopressin) is chloruretJC and Ka * 
uretie when injected in large quantities in the antidiuretic dog (87, 188, 2^i), 
and rat (5. 47. 50. 51. 61, 101, 123. 134, 161, 164. 190, 191). Small *1“*"^*^ 
are chloruretic and kaliuretic in the water-diuresing dog (10, 179, 181, 15 . 
227) but not clearly so in the rat (123, 161). Thorn (220) reports that smau 
quantities (up to 1.08 and 2.16 milHunits. respectively) of 5 >’nthetic arginine 
and Ijaloe vasopressin are not chloruretic in the rat during water 
The chloruretic effect of large quantities in the dog (188) and rat (61) 
been attributed, at least in part, to increase in filtration rate, but no in- 
crease in GFR has been observed during chloruresis following sma ^ 
quantities of \-asopressin in the dog under water diuresis (10), and t e 
chloruresis assodated with large quantities injected into the drculatioo o 
the dog heart-lung-ladney preparation was assodated with a decrease i 
blood flow (and probably also in GFR (20)}. A significant chloruresis fol ow 
ing large doses of vasopressin (3 units) is reported in the normal cat }-^ 
No eddent chloruretic effect from small quantities (0.1 to 2.0 mU.) o 
vasopressin wasobsetv'ed in the diabetes insipidus dog (104), and adecreas ^ 
chloruretic response as rampared with the normal response is reported m c 
diabetes insipidus cat (240). 

Studies are about evenly divided as to whether v'asopressin does (9, ^ • 
148, 195) or does not (163, 168, 215, 234) exert a small chloruretic effect in 
man. Assali, Dignara & Longo (12) obser\'ed a decrease in GFR, ERPF, an 
excretion of NaCl follosi ing the intravenous injection of 100 mU. of vasopres 
sin or continuous infusion of vasopressin at 100 mlJ./hr. in pregnant women. 
Few changes in these functions were observ'ed in normal women, however. 

The kaliuresis observed following vasopressin administration in the ra 
and dog may, as in the case of oxytocin, be secondary’ to increased sodium 
excretion. 
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Clarification of the loci of the antidiuretic action of vasopressin has 
become nearly complete. Apparently, both the distal convoluted tubule and 
the collecting ducts are relatively impermeable to water in the absence of the 
antidiuretic hormone; but, in the presence of sufficient quantities of ADH, 
permeability increases sufficiently to permit osmotic equilibration across the 
epithelia of these two segments to become virtually complete. A number of 
studies have shown that tubular fluid remains isosmotic with adjacent blood 
and interstitium throughout the proximal segment (98, 230, 242) and into 
the loop of Henie (33, 97, 98, 141, 243). Somewhere near the end of the loop 
of Henie and probably in the outer medulla, the tubular fluid becomes hypos- 
motic (33, 97, 98, 242). In rats with diuresis from water or diabetes insipidus, 
the fluid remains hypotonic until it enters the bladder as hypotonic urine 
(33, 98, 242). In the presence of vasopressin or antidiuretic stimuli, however, 
the tubular fluid becomes isosmotic with cortical blood by the midpoint of 
the distal convolution (97, 98, 242). The pattern is repeated in the collecting 
ducts. During water diuresis, collecting duct fluid is hypotonic to the medul- 
lary interstitium and usually to cortical blood as well (33, 225) but, in the 
presence of ADH, fluid and medulla attain equal osmotic concentrations (97, 
98, 141, 183, 184, 225, 226, 241, 243). Some interesting unanswered questions 
are; whether ADH affects the medullary blood flow; whether the permeabil- 
ity responses of distal segment and collecting duct to the hormone are sim- 
jlar; and whether the permeability of these epithelia to solutes, such as urea, 
is affected by it. W^th respect to medullary blood flow, studies of Frey (85) 
and of Thurau ct al. (221, 222) raise the possibilities that the volume or the 
character of medullary blood flow may change during both water and osmot- 
ic diuresis. With respect to permeability to solutes, studies of Jaenike & 
Berliner (125) which showed a decrease in the urine/medulla concentration 
gradient of urea in the presence of vasopressin, suggest that this hormone 
may increase permeability to urea as well as to water. 

Holmes (115) reports changes in invitro renal oxygen consumption by fish 
kidney (trout) following earlier parenteral injection of 10 mU. of neurohy- 
pophyseal peptides. Vasopressin was associated with a moderate (up to 20 
per cent) increase in consumption while oxytocin was associated with a 
marked (50 per cent) d ecrcase in consumption. 

Pancreas 

A few studies of the effects of pancreatic hormones on discrete renal 
functions have been reported. Maximal rate of glucose rcabsorption is nor- 
mal to slightly elevated and titration splay is normal in uncomplicated 
diabetes mellitus (75, 167, 202). Insulin injection (20 units intravenously) 
Was followed by a rapid decrease in Tmo of 12 to 17 per cent in both diabetic 
und normal subjects (75, 76, 157). The effects of insulin on glucose titration 
Bplay have not been reported. 

Glucagon (0.2 to 0.5 mg. i.v.) had no effect on Tmo in the dog according to 
Serratto & Earle (187). Glomerular filtration rate and ERPF are increased 
acutely following intravenous injection of glucagon (a situation reminiscent 
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o{ that observed following intravenous injections of parathyroid ex- 
tracts) but these functions were not increased during chronic administration. 
An increased excretion of phosphate and decreased excretion of acid and am- 
monia following intravenous administration of IS to 40 fig. of glucagon to 
healthy subjects was observed by Butturini & Bonomint (39). A simi ar 
increase in phosphate excretion as well as an increase in Na, Cl, K, and I are 
reported following the intravenous injection of 0.2 to 0.3 mg. glucagon in 
dogs by Staub et al. (200). Elrick el ah (72) note that a transitory increase in 
urate excretion may follow glucagon administration in both normal and 
gouty subjects. 

PARATnYROin 

The phosphaturic and calciuric effects of parathyroid extracts, together 
with changes in excretion and plasma concentrations of calcium and phos- 
phate following parathyroidectomy, or in the presence of parathyroid adeno- 
mas, has long been recognized. Working hypotheses that have dominated 
thought in this field were those of Thomson & ColHp (219) who held that 
the primary action of parathyroid secretion was to mobilize calcium and 
phosphate from bone, with the kidneys responding secondarily to altered 
plasma concentrations; and those of Albright and co-workers (2, 3, 4, 6) who 
held that the primary effect of parathormone was decreased renal tubular 
reabsorption of phosphate, with mobilization of bone salts representing a 
shift in plasma-bone equilibria secondary to renal-induced plasma concen- 
tration changes- Little doubt remains that both views are correct. A direct 
bone effect is demonstrated by the plasma and bone changes following injec- 
tion of parathyroid extract into ncphrectomizcd rats or dogs (70, 99, 119, 
160, 186, 204, 205, 206, 214, 223), and by local solution of bone juxtaposed to 
parathyroid tissue in vivo as shown by Barnicot (19) and Chang (42). 

Information concerning the mechanism of parathyroid effects on the 
kidney and the precise sequence of events following parathyroidectomy or 
administration of parathyroid extracts, is complicated by probable species 
differences in response, frequent concomitant changes in glomerular filtra- 
tion rate and plasma phosphate concentrations, and heterogeneity of para- 
thyroid extracts including possible reversible inactivation during prepara- 
tion. In the chicken, in which tubular secretion of phosphate occurs, PTE 
wuses either a decrease in phosphate reabsorption or increase in secretion 
(54). No phosphaturic response to masrive quantities of PTE was observed in 
t e normal sheep (150), and plasma phosphate did not decrease during PTE 
administration or following parathyroidectomy in the rabbit although cal- 
aum exhibited the expected changes (45). In the parathyroidectomized dog, 
Tmpo4 has been variously reported as unchanged (81) or increased (114)- 
rmnistration of PTE to either normal or parathyroidectomized dogs is 
rapid changes in phosphate reabsorption (77, 80, 82, 83, 103, 
114, 126). The evidence from some studies suggests that “titration splay' 
may be decreased in the parathyroidectomized dog (114) and increased by 
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PTE (83) without significant change in Tm. Others have failed to discover 
any change in the phosphate titration curve within 6 hr. of PTE administra- 
tion (126). Twenty-four hours following the subcutaneous injecuon ol P 1 E, 
however, Tm is decreased (107). In rats and mice, parathyroidectomy is 
sociated with an immediate decrease in phosphate excretion with slower rise 
in plasma phosphate concentration, while administration of PTE to the para- 
thyroidectomized rat and mouse is followed by a prompt increase m excre- 
tion (25, 207, 210 to 213, 224). The probable absence of significant filtration 
rate changes to explain these observations is suggested by the relative con- 
stancy of creatinine excretion (207). The glomerular filtration rate usually 
increases immediately following the intravenous injection of PTE in the dog 
(103, 114) and, in addition, plasma phosphate may increase acutely in both 
dogs and sheep (114, 126, ISO). Load changes have been considered suffi- 
cient, in these authors’ studies, to explain much if not most of the early 
phosphaturesis observed with PTE. ... • 

In man, Tmpoi, as measured during acute phosphate loading, is not 
significantly increased in hypoparathyroidism (217). T e titration sp ay, 
reflecting excretion at altered loads less than Tm values, is very sma , ow 
ever (49, 217). The maximal rate of transport is significantly decreased in 
hyperparathyroidism as indicated by the increases observed following re- 
moval of parathyroid adenomata (175, 193), while chronic a minis ra on 
PTE is associated with decreases in Tm that are roughly proporuonal to the 
dosage (112). The phosphaturia so frequently '°’'°7<®o“7’l'°i5oi 

travenous administration of PTE to normal subjects (2, 3, , , , ’ 

has been attributed primarily to an increase in the Altered 8 
Gow (131) and by Hiatt & Thompson (112) i but Cargill S Witham (40), 
Berthoud, Courvolsier & Zahnd (24), Jacobs & Verbanck (122), Gershberg, 
Shields & Kove (94), and McCrory cl of. (153) failed to detect an acute 
increase in filtration rate or plasma phosphate concentraUon 
account for their observed increases in phosphate excretion, ent ( on 
other hand, usually failed to observe a rapid phosphatunc effect jrorn the 
extracts available to him. In hypoparathyroid subjects, hmvever, all studie 
are in agreement that acute phosphatunc effects of P ^ 

from a decrease in reabsorption at loads both aboveand be o^\ ’ 

112). These studies in summary, suggest the ® 

effect of parathyroid hormone and its extracts on rena unc . 

prominent effect of the hormone in small quantities is depression i . 
of phosphate transport at low loads; with increasing b oo ’ 

Tm is also depressed. And, as implied by the obser^-ation 
may decrease or even \'anish during prolonged, heavy p osp a e 
normal but not in hypoparathyroid subjects (96, 216), rea^ sorp ton 
completely suppressed at prolonged high blood concentratmns; o^^et of th 

effect of the hormone (or extract) is gradual, being someu a . 

hian than in the dog and slower than in the rat. Blouse o ^ be 

of the hormone’s effect, hemodynamic contributions to excrc i 
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excretion following triiodothyronine administration (1 mg.) in both normal 
and parathyroidectoraized dogs. Although they interpreted this result as 
indicating decreased reabsorption of phosphate, their data indicate that both 
creatinine clearance and plasma phosphate concentration tended to increase 
following injection of the hormone. 

Thyroid influences urinary dilution and the reabsorption of water but the 
mechanisms have not been entirely established. Thyroidectomy or the 
administration of thyroid in the normal dog has little effect upon water turn- 
over [Mahoney & Sheehan (154)], although large amounts of thyroid may 
increase water turnover slightly to moderately (105). In the diabetes insip- 
idus dog and cat, polyuria is greatly enhanced by thyroid administration and 
is greatly reduced or may subside entirely following thyroidectomy (26, 78, 
105, 154, 173). The effects of thyroid administration cannot be duplicated by 
injection of anterior pituitary extract (17, 111). Polyuria is reported to 
decrease followng thyroidectomy in patients with diabetes insipidus (30, 
110), although response to water loading in patients with myxedema, while 
less than normal, is not depressed greatly according to Blei/er et al. (29), and 
the hypothyroid rat may excrete a water load more rapidly than normal 
(203). Although much, if not most, of the polyuric effects of thyroid in 
diabetes insipidus may be explained as the result of changes In filtration rate 
and solute excretion, the possibility remains that thyroid depresses the sen- 
sitivity of the tubular epithelium to small amounts of vasopressin, a view 
supported by the observation of Heinbeckcr, White & Rolf (111) that the 
maximal antipolyuric effects of thyroidectomy in the diabetes insipidus dog 
require the presence of vestiges of neurohypophyseal tissue. 

Impairment of maximal urinary concentration may occur occasionally in 
hyperthyroidism in association with hypercalcemia (73, 180). 
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promtaent during the fast hour follotring injection of PTE but become 
^"leTS’^ti^estS effect on tena, -b^!- " 

tionotcaldum.Caldnm excretion increased transitonlyiramediat > 

ing parathyToidectomy in rats and mice (212, 213) and Bems etn c nM22) 

report a decrease in caldum clearance following the admimstratio 

human subjects and an increase in clearance in hypoparathyroi is ^ 
vided measurements are made at constant plasma caldum concen 
No clear changes in calcium Tm as related to parath>Toid funcUon 
discovered by the latter group, suggesting that the principal eff^ o 
thjToid hormone is enhancement of calcium reabsorption at loads ess 
the tubular maximum. Laake (135) obser\-ed normal calcium 
patients with hyperparathyroidism but his data do not permit the usi 

to be drawn that kinetics of tubular calcium transport are unalter • 
Further ad\ances in the study of parathjToid control of renal 
must, for the most part, await purification and precise chemical an 
logical characterization of the active principles. Polypeptide 
increasing acridty (up to 7SOO USP units/rog.N) have been prepared C • 
utilizing chromatographic fractionation. In general, the prindpal frac 
contains both pbosphaturic and calcemic activity, and both activities app 
to be concentrated equally (162). Bernstein et al. (23) report chroma ^ 
graphic separation of three polypeptide fractions: one ^th olcenuc, 
second with pbosphaturic, and a third with both actidties, lending 
to the dews of earlier workers (55, 102, 130, 205) that the caldum and p 
phate effects were separable, and to the surmise of clinical 
the ratio of caldum to phosphate actidty of commerdal PTE has been' 
ing from year to year (60. 159). 


Thyuoid ^ 

The glomerular filtration rate and ERPF are decreased to about 
the expected euthjToid values in myxedema (46, 56, 113, 152, 244). 
thjToidism, however, these functions are no more than slightly elevat • 
insuffident studies have been reported to determine whether this is 
cant (1, 32. 46. 113). The filtration fraction (GFR/ERPF) is not afferted d> 
changes in thjToid function. Maximal transport rate of diodrast and mr 
are decreased in myxedema (113) and increased in hypcrtb>Toidism I > 
46, 113). 

The effects of lh>Toid function changes, roughly comparable to 
obser\-ed in human subjects, are observed in the dog. 'nijToidectoi^ 
as^ated with a decrease in ERPF and Tran, but with little change in ^ 
(23/). Administration of >-ariable but generally large doses of 
desiccated thjToid is assodated with significant and frequently . 

cream ,n ERPF and Tmo and also in GFR (65, 105, 109). 
glucose reabsorption nay increase during thjToid administration by - 
cent or more (6S, 103). Bcisel ct cL (21) report an acute increase in phosph»^ 
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excretion following triiodothyronine administration (1 mg.) in both normal 
and parathyroidectomized dogs. Although they interpreted this result as 
indicating decreased reabsorption of phosphate, their data indicate that both 
creatinine clearance and plasma phosphate concentration tended to increase 
following injection of the hormone. 

Thyroid influences urinary dilution and the reabsorption of water but the 
mechanisms have not been entirely established. Thyroidectomy or the 
administration of thyroid in the normal dog has little effect upon water turn- 
over [Mahoney & Sheehan (1S4)J, although large amounts of thyroid may 
increase water turnover slightly to moderately (lOS). In the diabetes insip- 
idus dog and cat, polyuria is greatly enhanced by thyroid administration and 
is greatly reduced or may subside entirely following thyroidectomy (26, 78, 
105, 154, 173). The effects of thyroid administration cannot be duplicated by 
injection of anterior pituitary extract (17, 111). Polyuria is reported to 
decrease following thyroidectomy in patients with diabetes insipidus (30, 
110), although response to water loading in patients with myxedema, while 
less than normal, is not depressed greatly according to BJd/er ei ah (29), and 
the hypothyroid rat may excrete a water load more rapidly than normal 
(203). Although much, if not most, of the polyuric effects of thyroid in 
diabetes insipidus may be explained as the result of changes in filtration rate 
and solute excretion, the possibility remains that thyroid depresses the sen- 
sitivity of the tubular epithelium to small amounts of vasopressin, a view 
supported by the observation of Hcinbeckcr, White & Rolf (111) that the 
maximal antipolyuric effects of thyroidectomy in the diabetes insipidus dog 
require the presence of vestiges of neurohypophyseal tissue. 

. Impairment of maximal urinary concentration may occur occasionally in 
hyperthyroidism in association with hypercalcemia (73, 180). 
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KIDNEY DISEASE; ACQinRED TUBULAR DISORDERS 
(With Special Reference to Disturbances of Concentration 
AND DiLUIION and OF AcID-BaSE REGULATION)' 

By Arnold S. Relman, M.D. and Norman G. Levinsky, M.D. 
Deparlmenl of Medicine, Boston University School of Medicine, and the Evans Memorial 
Department of Clinical Research, Massachusetts Memorial Hospitals, 

Boston, Massachusetts 

Many aspects of tubular dysfunction in both acquired and hereditar>’ 
renal disease have been extensively reviewed within the past five years (1 to 
5). Of particular interest has been the rapid development of information 
about the structural and functional consequences of acquired potassium 
depletion (S to 9) and calcium excess (10, 11), which also have been the sub- 
jects of recent and comprehensive reviews. This article will therefore concern 
itself exclusively with two other aspects of acquired tubular disease which, 
though currently under active investigation, have not received fully ade- 
quate attention in recent review articles. Wc refer to (a) acquired disorders 
of urine concentration and dilution and (6) acquired disorders of acid-base 
regulation. In discussing these topics we have not limited our reference ma- 
terial to any arbitrary interval of time, for such practice tends to impose 
unreasonable restraints on the logical exposition of ideas. On the other hand, 
neither have we attempted to review, or even mention, every available 
article in the modern literature on these two subjects, because this would 
obviously be impossible within the present limitations of space. We have 
tried to solve this dilemma by following a middle policy under which atten- 
tion has been primarily focused on those studies that have contributed to 
the development of current ideas in the two fields under re%'iew. References 
have been made to case reports and clinical discussions only as they illustrate 
or illuminate the points under discussion. Many other%vise interesting articles 
have had to be omitted. 

acquired disorders of concentration and dilution 

Two excellent reviews of some physiological and clinical aspects of this 
subject have recently appeared (12, 13). 

Physiology of Concentration and Dilution 

The introduction of the countercurrent multiplier principle into renal 
physiology by Wirr, Hai^itay & Kuhn (14, 15) has greatly stimulated m- 

* The survey of the literature pertaining to this rc^•ie^v was concluded in June, 
1960. 

*The following abbrc\’iations will be used: GFR (glomerular filtration rate): 
RTA (renal tubule acidosis); (negative free-^’ater clearance when urine U 

h>TTertoiuc); Ch^ (pceitive frcc-^*atcr clearance when urine ts hj-potonic). 
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decreases both maximum urinary osmolality after vasopressin and Tc^ o* 
The mechanism of this effect is not known; it is apparently not caused by 
changes in glomerular filtration rate (GFR) or solute excretion (28). Patients 
■with the syndrome of compulsive water drinking and occasionally patients 
with diabetes insipidus may have an Impaired ability to concentrate urine 
when given vasopressin (30), which may be related to this phenomenon. 

Maximum urine osmolality after dehydration or vasopressin administra- 
tion increases slowly during infancy, reaching adult levels only after several 
months (31). Edelmann, Barnett & Troupkou (32) have recently re-examined 
the apparent immaturity of the urine-concentration mechanism in infants in 
the light of the observations that prior diet and water intake condition urine- 
concentrating ability in normal subjects. They found that diets high in pro- 
tein content or supplemented with urea enhanced maximum urine osmolality. 
Diets with low water content had a similar effect. The authors therefore con- 
vincingly ar^ue that the inability of the infant to concentrate its urine as 
well as the adult is not the result of immaturity of renal tubules, but is deter- 
mined largely by differences in diet and protein metabolism. 

In the clinic, concentrating ability is usually measured in terms of the 
maximum specific gravity of the urine after a variable period of dehydration. 
Miles, Paton and de Wardener (33) have found that maximum values for 
urine specific gravity are obtained only after at least 22 hr. of dehydration. 
In individuals with relatively normal concentrating ability, the administra- 
tion of a long-acting vasopressin preparation without water restriction results 
in somewhat lower urine concentrations than does dehydration for 22 hr. or 
more. The explanation for this difference is not known; it may be related to 
the effects of overhydration on concentrating ability as discussed above, or 
to the diminution of urine osmolality w'hich occurs during chronic vasopressin 
and water administration (34, 35). In patients with impaired ability to con- 
centrate the urine, dehydration and administration of vasopressin without 
water restriction appear to be equally effective (33). 

Chronic Renal Failure 

Some degree of impairment of concentrating and diluting ability is in- 
variably a feature of chronic renal failure. Until relatively recently, it was 
generally assumed that these defects resulted from anatomical or biochemical 
damage to concentrating and diluting sites in the renal tubule. However, it 
had been known since 1939, from the experiments of Hayman et al. (36), 
that concentrating ability is reduced in the presumably normal nephrons 
remaining after subtotal nephrectomy, and this has been confirmed in a 
variety of ways since then. More recently, physiological studies with solute 
infusions (37, 38, 39) have demonstrated that concentration and dilution of 
the urine are limited during solute (osmotic) diuresis in normal kidneys. 
Hence, the concentrating defect after subtotal nephrectomy can be inter- 
preted as the physiological consequence of the imposition of the normal load 
of solute on a reduced number of intact nephron units. Since the total solute 
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vesUgatlon of the concentrating function of **■' “f fnT- 

etudfes by Wrz (16) and by Gottschalk'a P““P ° tldney 
Vidual collecting ducts by Ullnch and assoaates jeter- 

tissue tor various solutes (19, 20) have proven ^ and 

mining the sequence of events along the nephron dnnng , ,, j. 

dilution of the urine. An outline of present vien-s »^‘hese events rs an 
(o) Regardless of the presence or absence of anodiuretic . y and 
reabsorption ol sodium out of the loop of Henle ddutes the n “ 
creates hypertonic interstitial fluid in the medulla. Interstitial yp 
is maintained in part because of the solute-trapping function °f ‘h' “U 
current circulation to the medulla. (6) In the absence ol antidiureM 
mone, the distal convoluted tubule and collecting ducts are 
raeable to water. The hypotonic fluid from the loop is further dil 
sodium reabsorption in the distal segments, and water diuresis ensu . 
When antidiuretic hormone is present, the distal tubule and collecting 
become permeable to water. The tubular fluid becomes isotonic m the 
tubule and is greatly reduced in volume. In the collecting ducts, this ° 
fluid equilibrates with the hypertonic medullary interstitial fluid, wit 
final formation of hypertonic urine. The limitations of space preclude a 
extended discussion of these ideas; a number of recent reviews of this su je 


are available (IS, 21, 22, 23). ^ 

Many years ago. Gamble et at. (24) showed that urea feeding en an 
concentrating ability in the rat. Recently, Epstein and his associates ( 
have applied Gamble's idea that there is “an economy of w-ater in 
function referable to urea" to man. They showed that both maximum un^ 
osmolality and maximum negative free-waler clearance (Tcb,o) * . 
paired in subjects on a low-protein diet. Merony el at. (26) have confirm ^ 
this effect of dietary protein on maximum urine osmolality. Acute or chronic 
administration of urea will almost completely reverse or prevent the con^ 
centrating defect induced by a low-protein diet in man (25, 27). Berliner an 
associates have suggested that these results, as well as many experimen 
data in animals, can be explained by postulating a unique role for urea in 
urinc-conccntrating process in the medulla of the kidney (21, 27). It 
proposed that a small fraction of urine urea passively diffuses 
collecting ducts into the medullary interstitial fluid, where it is trapped^ y 
the countercurrent blood flow and becomes concentrated nearly to urine 
levels. The hypcrtonicity of the interstitium and thus of the final urine is 
enhanced. The osmotic force of the urine urea is largely balanced by 
stitial urea and sodium transport by the loop needs to be sufficient to balan 
only urine solutes other than urea. Whatever the mechanism of the urea 
effect, it is ci-idcnt that antecedent protein intake must be constdere 
evaluating clinical tests of concentrating ability. _ ^ 

Another factor of importance in evaluating concentrating ability * 
subject’s prior state of hydration. Epstein and associates (28) andde * 
cner & Herxheimer (29) have shown that previous forced water dnn n 
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the production of the concentrating defect in chronic renal failure by a more 
direct approach. Solute excretion was acutely reduced at least 60 per cent 
either by lowering plasma urea levels by means of hemodialysis or by acutely 
lowering GFR with hypotensive agents. Maximum urine concentration was 
not increased by either maneuver. In the somewhat similar studies of Levitt 
et al. (52), only slight increases in maximum osmolality occurred when GFR 
was acutely reduced by 50 per cent or more in seven uremic patients. While 
more data of this kind are obviously needed, these experiments suggest that 
the presence of a relative solute diuresis may not be sufficient to account for 
the concentrating defect in chronic renal failure. 

Available data on diluting capacity in renal failure are limited to those 
reported in an abstract by Kleeman. Adams & Maxwell (S3). In 21 patients 
with unspecified chronic azotemic renal disease, minimum urine osmolality 
was considered to be normal when "corrected” for the rate of solute excre- 
tion per nephron. Ghjo/GFR was decreased in ten cases, normal in seven, 
and increased in four. 


Pyelonephritis 

In the preceding section on “chronic renal failure” we have accepted for 
purposes of discussion the tacit assumption that chronic glomerulonephritis, 
pyelonephritis, nephrosclerosis, etc., all produce equivalent changes in the 
concentrating and diluting functions of the kidney. Many clinical studies 
suggest strongly that interference with the concentrating process is more 
marked and occurs earlier in pyelonephritis than in several other common 
disorders usually included in “chronic Bright’s disease.” 

In studies of infants and children with acute, non-obstructive urinary 
tract infections, Winberg (54) found that maximum urine osmolality was 
significantly decreased in 17 of 22 patients when first measured during the 
first week after fever subsided, and this often persisted for several weeks. 
Repeated creatinine clearances were normal in all but two subjects during 
this time. Kaitz (55) reported that the mean maximum urlne/plasma os- 
molality of 13 pregnant women with asymptomatic bacterfuria was 2.4±0.7 
(S.p.), a clear reduction below the value of 3.S±0.3 for 20 pregnant control 
subjects. Creatinine clearance and PSP excretion were normal in every case; 
solute diuresis, hypcrcalcuria, and potassium depletion were not present. 

Raaschou (56) studied 20 patients with chronic pyelonephritis, in w’hom 
urea clearances were within the normal range. Maximum urine specific 
gravity was between 1.010 and 1.016 in the pyelonephritic group, compared 
with values of 1.019 to 1.028 for a control group. Brod (57) compared the 
relationship between maximum specific gravity and creatinine clearance in 
groups of patients with chronic pyelonephritis, chronic glomerulonephritis, 
or nephrosclerosis. He concluded that pyelonephritis affects urine-concen- 
trating ability more severely than either glomerulonephritis or ncphrosclero- 
*»s over the entire range of filtration rates. There was, however, considerable 
scatter of individual cases, and statistical validation of the conclusions was 
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load requmoE excretion by the kidney U probably the name in 
dividnals and in those nith uremic renal (allure, each P . , 45 c 

such patients is subjected to a similar type of solute dturests. Sm. h (40) 
Platt (41), Strauss (42), Welt (43), de Wnrdencr (44) and 
nephrologists now support the view that the tmpatrment o[ 
and dilution in chronic azotemic renal disease is mainly to be atm 
this eKect. There is little reason to doubt that much of the limitatton o 
concentration and dilution in chronic renal failure is the consequence o 


relative osmotic diuresis. .j n 

Recently, Bricker and associates {45, 46) have adduced eviden 
variety of experimental renal diseases in the dog that only Intact nep irons 
contribute significantly to the formation of urine. By inducing the 
mental disease in only one kidney of each dog, it was possible to ^ . 

“intrinsic" function of the diseased kidney nearly unaffected by the cle^^ c 
plasma urea levels and the other chemical and physiological abnorma ities 
of uremia. Under these circumstances, the maximum osmolality of urine 
from the diseased kidneys was only slightly less than that from the contra^ 
lateral controls, and dilution during water diuresis was normal. To "correct 
for the number of intact nephrons in each kidney, free*watcr clearances were 
factored by filtration rates. Tc„^/GFR was only slightly reduced an 
Ch^/GFR was actually somewhat increased in the diseased kidneys as com- 
pared to their controls. These results were interpreted (47) as strong evidence 
that the intrinsic concentrating and diluting mechanisms in the nephrons o 
the diseased kidney are essentially intact, thus lending support to the idea 
that relative osmotic diuresis accounts for isosthenuria in uremia. 

The results of the limited number of observations on Tco^/^^^. 
human chronic renal failure are not as uniform as those in Bricker’s studies. 
Baldwin el al, (48) found that Tcjj^/GFR was normal in four patients 
with chronic glomerulonephritis who had filtration rates between 60 and 7 
ml. per minute. Of ten others who had filtration rates of less than 60 
minute, was normal in five and somewhat reduced in the rest. 
patients with “chronic nephritis” studied by Dorhout Mees (49, SO) a 
showed marked decreases in Tco^/GFR. 

Implicit in all such clinical and experimental studies is the assumption 
that marked reductions in the absolute value of Tcq^ do not represent 
decreased concentrating capacity if they are proportional to falls in GF 
The validity of this assumption is open to serious question. It would be ap 
proximately true only if falls in GFR represented cessation of filtration m 
whole nephron units. If, as would seem a priori more likely, filtration raW 
per nephron may vary in renal disease, interpretation of the Tcb,o^^ . 
ratio would be very difficult. Experiments in dogs (20) indicate that falls m 
GFR due, in part, to decreased GFR per functioning nephron unit have 
variable effects on Tch^/GFR. 

Franklin, Niall & Merrill (51) have reported in abstract an attempt to 
determine the relative roles of solute diuresis and intrinsic tubular damage m 
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Renal Artery Occlusion 

Deming (61) and Margolin, Merrill & Harrison (62) have each described 
a patient with malignant hypertension caused by renal artery occlusion in 
whom polyuria and polydipsia were early and striking symptoms. Concen- 
trating ability after dehydration or vasopressin was, in each case, markedly 
impaired in the absence of significant azotemia. Each paper calls attention 
to a number of cases culled from the literature in which polyuria was a strik- 
ing symptom of hypertension attributed to renal artery occlusion. In some 
cases reviewed by Deming, the ischemic kidney apparently was putting out 
little or no urine. Hence, Deming suggested that polyuria resulted from a 
direct action on the normal kidney of renin released by the ischemic kidney. 
Some experimental evidence for such an effect of renin is available (63, 64). 

However, Dollery and associates (65) and Laidlaw et al. (66) have re- 
cently described several cases in which polyuria and hypertension due to 
unilateral renal artery occlusion were associated with potassium depletion 
as well as other features suggesting hyperaldosteronism. The polyuria seen 
in these cases can be attributed to the potassium depletion. A similar expla- 
nation may apply to the patients referred to by Deming (61) and Margolin 
et al. (62). Sufficient data are not given to evaluate the possibility of potas- 
sium depletion in these cases, 

Sickle-Cell Anemia 

A specific defect in urine concentrating ability occurs in patients with 
sickle-cell anemia or trait. In infants and young children with sickle-cell 
anemia, maximum urine osmolality is markedly decreased, but is 

said to be relatively normal (67, 68). In older children and in adults, both 
maximum osmolality and Tcjjo -‘rc reduced (67). Maximum osmolality 
IS subnormal even in individuals with sickle-cell trait w'ho are not anemic 
(68, 69, 70). This is said ta be a mere uaifocm hading in adults than itt cbil‘ 
dren (68). 

It was at first suggested that the impairment of urine-concentrating 
ability is the result of a gencticalfy determined defect in the kidney. How- 
ever, Keitel, Thompson & Itano (69) showed that the concentrating defect 
ean be reversed by multiple transfusions of normal blood sufficient to clear 
nearly all sickle cells from the circulation. In four young children, maximum 
Osmolality became normal after one month of transfusions; in an older child, 
a somewhat longer period was required. Glomerular filtration rate, filtration 
fraction, TmpAn, and solute excretion did not change in two subjects in 
whom these functions were studied. The concentntins defect was not re- 
versed by multiple transfusions in two young adults. The defect is presum- 
ably not the result of anemia atone; it occurs in the absence of anemia in 
patients with sickle-cell trait (68, 69, 70) and is not present in patients with 
a number of other kinds of severe anemias (67, 69). 
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not given. Kleeman el al. (58) found a greater 

trating ability in 13 patients with pyelonephnUs than would be P 
ITl. ealTnlated degree of relative solute dlures s. The ^ 

the relationship between maximum unne osmolality and 
was similar In groups of patients with pyelonephritis and ^ ^ 

However, when the serum creatinine was less than 2 mg. pe • 

definite concentrating defect was sometimes seen in paUents wit py 
nephriUs, but never in those with glomerulonephntis. Moreover, P 
tients with pyelonephritis excreted urine persistently hypotonic to p 
in spite of a maximal antidiuretic stimulus, a phenomenon which di 
occur in the patients with glomerulonephritis or nephrosclerosis. 

Experimental evidence also suggests that pyelonephnUs may cause re ^ 
lively isolated damage to the concentrating mechanism. As already ^ 
cussed, Bricker el al. (45) noted only slight decreases in maximmn unn 
osmolality in experimental unilateral pyelonephritis in dogs. Howeve , 
Shapiro and his co-workers (59) found striking decreases in maximum unn 
osmolality in rats with chronic enterococcal pyelonephritis when blood ur ^ 
values were normal. Histologic studies showed marked damage to the 
medulla. A report in abstract form by Beck el ol. (60) also describes a mar e^ 
depression of maximum urine osmolality with normal blood urea leve s i 


experimental chronic pyelonephritis in rats. ^ i f r 

Such data as are available suggest that diluting ability is 
and less severely than concentrating ability in pyelonephritis. I n the study / 
Winberg (54) mentioned previously, infants and children wdth 
urine concentrating ability during acute pyelonephritis were able to di ^ 
urine normally. Brod (57) found that nearly all of his patients with chronic 
pyelonephritis could dilute urine to a specific gravity of 1.002 or less, me 
ing even those patients who were unable to achieve a maximum spe 
gravity over 1.012. Since specific gravity is a very rough measure of osmo a 
ity in the range of maximum urine dilution (40 to 100 mOsm/kg. HjO), th^® 
observations are of debatable significance. The studies of Kleeman et aJ.^ ( / 
showed impaired ability to dilute urine in patients with pyelonephritis, as 
well as impaired concentrating ability. However, the diluting defect was 
thought to be entirely explicable by a relative osmotic diuresis, whereas t e 


concentrating defect was not, as discussed previously. 

The results summarized in this section thus suggest strongly, but do no 
definitely prove, that the concentrating mechanism may be spedfica 
damaged in pyelonephritis, but the diluting mechanism may remain re 
tively intact. Since the final diluting operation is thought to occur in t e 
distal convolutions, these observations suggest that this tubular segmentis 
relatively intact. It would then follow that the medulla must be the site ol 
the defect in concentration. This would be in accord with the evidence 
pathology that pyelonephritis tends to damage medullary structure initia y 
and most severely (58). 
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in obstructive hyposthenuria, no more informative statement as to the under- 
lying mechanisms can be offered. In those cases caused by reversible obstruc- 
tion the “water-losing” syndrome improved after the obstruction was cor- 
rected. 

Electrolyte DtsTUHBANCES 

Disturbances of the concentrating mechanism occur in clinical and experi- 
mental states of potassium depletion (S to 9), and of hypercalcemia (10 11), 
but these will not be discussed here. 

RENAL ACIDOSIS 

In a general discussion of the nature of renal acidosis (81) it was pointed 
out that the defect consists fundamentally of a failure of the renal tubules to 
excrete add efficiently. Resort to such tradltiona] concepts as “retention of 
add anions” or loss of ‘'base-sparing” capadty in reference to the mechanism 
of acidosis not only does violence to modern ideas of the nature of adds and 
bases (82, 83), but also tends to obscure the mechanisms involved in the 
tubular regulation of acid-base balance. No attempt will be made here to 
summarize the extensive body of experimental data concerning these mecha- 
nisms; authoritative reviews are available elsewhere (84 to 88). Suffice it to 
say that three tubular operations are involved; (o) The removal of almost all 
the filtered bicarbonate; (6) the addition of free ammonia or ammonium ion 
to the distal tubufar fluid; and (e) the addification of the urine buffers in the 
distal tubule, which results in the formation of “Utratable add.” Present 
evidence strongly supports the hypothesis that all three processes involve 
the active reabsorption of a sodium ion in exchange for a hydrogen ion. The 
net excretion of add by the kidney is measured by the sum of ammonium 
plus titratableadd, minus any bicarbonateremainingin the urine. 

Types of acidosis . — It is customary to distinguish between two types of 
renal addosis (89). By the term ‘ 'uremic addosis” Is meant the acidosis which 
Usually develops in the end stages of any type of generalized renal failure, 
Marked azotemia is the rule. The reduction in plasma bicarbonate is usually 
accompanied by significant rises in plasma phosphate and sulfate and, as 
*tto5t recently demonstrated by Seligson’s studies (90), a ■x-ariety of organic 
^cid anions also accumulate. Chloride concentration is usually normal or, if 
there js hyponatremia, the concentration of chloride may be low. Serum 
potassium tends to be elevated (91)* Although blood pH may be ver}’ low, 
respiratory compensation is often relatively poor as compared to that found 
tn diabetic addosis of equivalent 8e^'erity (92). ObWous hyperv'entilation is 
not often observed in chronic uremic addosis even when severe. This may 
reflect either a "toxic” effect of uremia on the respiratorj* center or simply 
an adaptation to the chronicity of the condition. So-called "tubular addosis” 
usually refers to a relatively rare form of renal acidosis which occurs in a 
number of umfactorial or multifactorial renal tubular diseases in infants, 
children, or adults (1 to 5). Characteristically, there is little or no azotemia. 
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No complete explanation it available for the aesodaUon of a 
centraUng delect with circulating sickle cells. However, the “P' 

Rennie, Reeves & Pappenhelmer (71) in dogs suggest that o yg 
may be much lower in the medulla of the kidney than m the J 

organs. This would be conducive to sickling and subsequent crcubto^ 
obstrucUon in the vascular loops of the medulla. ^ 

reversible changes in medullary circulation might in Ume lead to p 
alterations in meduUarj’ structure. Mostofi ei al. (72) have descn 
striking pathological feature in the kidneys of 22 young adults 

cell anemia as "severe stasis in peritubular capillaries . . . .‘t 

medulla." Extravasation of blood and destruction of tubular epi e 
apparently were later developments. 


Acquired Nephrogesic Diabeies Insipidus 
The persistent excretion of urine hypotonic to plasma in spite of the ad' 
ministration of maximal amounts of vasopressin has been named nep ro 
genic diabetes insipidus." The congenital form of this syndrome wil not e 
considered in this review, but it has been recently discussed (4, 13, 73). 

As previously noted, nephrogenic diabetes insipidus occasionally occutR 
in the course of pyelonephritis (58). In the cases reported by Kleeman et a . 
(58, 74), GFR was markedly reduced so that an extreme relative solu e 
diuresis was probably present. Under these conditions hypotonic urine way 
escape the distal convoluted tubules even when antidiurctic hormone ac- 
tivity is maximal (75, 76), and this phenomenon may play a role in the nep - 
rogenic diabetes insipidus of pyelonephritis. If, as slated by Kleeman et a . 
(38), nephrogenic diabetes insipidus does not occur in the course of glomeru 
lonephritis or nephrosclerosis, specific tubular damage in pyelonephntis way 
also play a part. Roussak & Oleeskj' (77) have described two cases of vaso- 
pressin-resistant diabetes insipidus under the title of "Water-Loring 
phritis.” One case was associated with multiple myeloma and the second ha 
prostatic hypertrophy and hydronephrosis. The patient with myeloma was 
hypercalcemic and this could well have explained the hyposthenuria (H)* 
Also, the GFR was severely reduced and a marked relative solute diuresis 
per nephron may well have been present. 

The occurrence of nephrogenic diabetes insipidus in association wi 
urinary tract obstruction, as in Roussak & Oleesky’s second case, has since 
been reported several times. Earley (78) described an infant w'ith lower 
urinary tract obstruction in whom striking hyposthenuria and poliTiria un 
responsive to vasopressin were present. Winberg (79) reported that two 
children with lower urinary tract obstruction had ^-asopressin-resista^ 
hyposthenuria. In their study of salt-wasting which follows the relief of o 
structive uropathy, Bricker el al. (80) made no direct tests of concentrating 
or diluting function. Of interest, hovraver, was the fact that one patient 
excreted urine hypotonic to plasma io spite of the administration of 
amounts of vasopressin. Although tubular damage undoubtedly is involved 
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Although simple reduction in tubular mass or blood supply may be the 
ultimate explanation for the failure of compensatory excretion of ammonium 
in renal acidosis, other factors which might influence the production or trans- 
fer of ammonium need consideration. Unfortunately, pertinent data are 
scarce. The cellular factors essential for the synthesis of ammonia in man 
have not been clearly identified nor has there yet appeared any adequate 
biochemical explanation for the variations in ammonium excretion which 
normally can occur under physiological stimuli even without changes in 
urine pH. There is direct evidence in rats (101, 102) and in guinea pigs (103) 
that chronic acidosis induces increased glutaminase activity in the kidney; 
such is apparently not the case in dogs (104), and there is only inferential 
evidence suggesting adaptation of ammonia-producing enzymes in man 

(105) . No analyses of renal tissue for these enzymes in uremic patients have 
yet been reported. Without much more information about the intermediary 
metabolism and enzymatic activity of renal tubular cells in health and dis- 
ease, an adequate assessment of the role of possible tubular metabolic defects 
m the pathogenesis of uremic acidosis is impossible. 

Finally, itshould be noted thatammonium excretion may, tosomedegree, 
be dependent upon the factors which determine distal sodium transport 

(106) , Uremic patients usually have at least some impairment of sodium 
conservation which could in part reflect defective distal transport mecha- 
nisms. The increased osmotic load per nephron which probably characterizes 
the uremic kidney might also be important, but available evidence (107) does 
not suggest any inhibitory effect of osmotic diuresis on ammonium e-xcretion 
in normal man. 

Tiiralable add . — Although uremic patients are ultimately capable of 
acidifying their urine, they seem to require a greater degree of systemic 
addosis to accomplish this than do normal subjects (97). To some extent, 
this tends to reduce the effidency with which they can defend against addo- 
sis, because the ultimate rise in titratable addity will be delayed, as will also 
any increment in ammonium excretion. Wrong & Davies (98) have observed 
in patients with general renal failure (but no addosis) that the excretion of 
phosphate on an unmeasured diet following a standard NH4CI load was 
significantly less than in normal controls. Other observations (108, 109) have 
also suggested but not conclusively demonstrated that urinary phosphate 
excretion tends to be low in advanced renal failure, possibly because relatively 
tuore phosphorus is excreted in the stool (108). If this is generally true for 
uremic acidotic patients, reduced urinary' phosphate would help to explain 
^’hy the excretion of titratable add may, in some cases, be low despite very 
scid urines (97, 98). Most uremic patients, however, apparently can excrete 
normal amounts of titratable add (93). 

BicQTbonaie-waslins.'-~‘la addition to the impairment in add excretion 
manifested by patients w-ith uremic addosis another defect in add-base 
f^ulation has been recently described. Schwartz el al. (97) have reported 
tiiat in five of twelve patients there was a defect in bicarbonate rcabsorption 
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r sulfate. Hy- 


and also no increase in plasma concentration of phosphate o 

perchloremia is the rule. «ii acidosis is, in o**® 

The terminology is perhaps unfortuMte. 
sense, "tubular." Moreover, as mil be discussed W™’ T blurred 

and physiological disUncUons bet ween t he Wo types tend 
upon closet examination. Nevertheless, it is still and 

entities separately, in order to define and compare their charactensti 
to summarize rvhat is known about their mechanisms. 

Uremic Acidosis 

Ammonium eze, rll'on.-Studies hy Palmer & Hendejs“n («>, Gamble 
el al. (94), Van Slyke el of. (95), and Under (96) established ^ 
that ammonium excretion is defident in axotemic patients, an 
capacity to increase ammonium excretion in response to aadityi g 
severely limited. Palmer & Henderson (93) showed. esx L^ve 

ability to addify the urine is preserved. More recent studies (9^ , ^ 

confirmed this failure to excrete ammonium despite normal unne a y* 

If the pH gradient between tubular cells and the urine is conceive^ ^^mo) 
major determinant of the transfer of cellular ammonia into the unne t 
then these observations could be taken to mean that the defect proba y 
in the total rate of production of ammonia within tubular cells, rat er 
in its transport , . •_ 

Little is known about the factors which limit ammonia -gg 

renal disease. In patients with various types of renal disease, Wrong & ® 

(98) found a rough proportionality between the excretion of ammonium ® 
NH4CI and the glomerular filtration rate. They suggested that this 
reflect a proporrionate reduction in the blood supply to the tubules or 
number of functioning nephrons. Morrin, Bricker & Kirae (100) have a 
found that in experimental unilateral or bilateral renal disease in dogs, 
normal relationship between ammonium excretion and GFR is . 

Howev’cr, Kleeman et al. (58) refer to their unpublished evidence ^ f 
patients with pyelonephritis ammonium excretion factored by GFR *s. 1^^ 
fact, significantly reduced, and it remains to be determined whether t is 
a functional characteristic of pyelonephritis in man. Whatever the 
pretation of such data is very difficult. The precise relationship of G 
the functioning mass or the blood supply of the ammonia-secreting 
of the nephron is unknown. Furthermore, quantitative comparisons o 
monium excretion need to be related to some standard stimulus. This con 
tion is not satisfied by simply comparing individuals with similar degrees o 
extracellular acidosis, or by giving a standard load of NHtCl. There mig 
still be differences in intracellular conditions or in the absorption and 
tion of chloride which would affect the ammonium response. Chloride excr ^^ 
tion in response to NHjCi also is said to be proportional to GFR (98) ; « so* * 
may be that the excreted anion load limits the ammonium excretion in t e 
studies, rather than the reverse. 


ierved. 
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those fixed amons usually kept at low plasma concentrations. As glomerular 
insufficiency and uremia progressed, one would expect to see the hyper- 
chloremia disappear and “unmeasured anions” rise. 

Precisely this sequence of events has been reported by Lathem (118) in 
several patients with chronic pyelonephritis who had none of the other bio- 
chemical stigmata of “tubular acidosis." This is apparently not an unusual 
phenomenon, for Kleeman, Hewitt & Guze (58) found an “absolute or rela- 
tive increase in the concentration of chloride in the serum” in approximately 
one-third of their acidotic pyelonephriric patients. Our own experience has 
been quite similar: of 32 adult patients with acidosis and chronic pyelo- 
nephritis, none of whom had other biochemical signs of “tubular addosis," 
we have observed hyperchloremic acidosis without significant retention of 
"unmeasured anions” in 12. At the time they were hyperchloremic only three 
of these patients had BUN levels greater than 100 mg. per 100 ml. We have 
also seen occasional examples of hyperchloremic acidosis in patients with 
subacute or chronic glomerulonephrids, intercapillary glomerulosclerosis, 
and polycystic renal disease. In all of these cases, hyperchloremia tended 
to disappear when azotemia became more severe and “unmeasured anions” 
rose, 

The mechanisms responsible for the reciprocal relationship between 
plasma chloride on the one hand and plasma bicarbonate and “unmeasured 
anions" on the other, are not entirely clear. Some insight into the possible 
nature of the reciprocity between chloride and bicarbonate in non-uremic 
acidosis is gained from the fact that proximal reabsorption of chloride pas- 
sively follows the electrical gradient established by active sodium transport 
(119). Reduction in the amount of hydrogen secretion with continued active 
sodium transport might therefore tend to increase the electrical driving force 
on chloride and thus increase the proportion of chloride to sodium in the 
reabsorbate (88). In uremic acidosis, this proportion might tend to fall if the 
reabsorption of “unmeasured anions” from the filtrate were to be increased 
relative to that of sodium. Clarification of this problem will require much 
more detailed information about anion transport in various stages of renal 
disease than is presently available. 

Renal Tubular Acidosis 

_ Clinical and biochemical features. — So-called renal tubular acidosis (RTA) 
in adults is a rare form of tubular disease which characteristically produces 
hyperchloremic acidosis and a distinctive clinical and biochemical syndrome. 
In almost all patients there are a number of associated tubular defects, most 
frequently hypercalcuria and renal potassium-wasting. The former leads 
often to nephrolithiasis; the latter often results in severe potassium deple- 
tion. Hypophosphatemia and ostcomalada arc commonly present, and calci- 
fication of the renal medulla is also a frequent, though not invariable, feature. 
Less commonly there may be renal glucosuria or amino aciduria (4). 

BTA is often associated with chronic pyelonephritis, p.irticuJarIy in 
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^hich caused \'lTnnrmarThis "bicarbonate-wasting ' 

bicarbonate levels were falling e • tj,e 

ceased only after plasma of the drop in extra- 

urinary loss was adequate to account tor half s„ch 

cellular bicarbonate. ■'Bicarbonate-wasUng „b^bly explains 

uremic patients unless they were receiving a , Measure- 

why this fuucUonal disorder has not received ^ bicarbonate, 

uieats ot bicarbonate reabsorption dunng „„t readily 

such as carried out by Roberts and her associatt ( ) jj-gj to pro- 

reveal the delect because the reduction in need he 

duce the daily excretion of significant quantities o 

No explanation is at hand for theyicarbonate-wasting '^( 97 )" 

in tubular carbonic anhydrase acUvity could explain this p e 
but there is no positive evidence “ j^re^Uc" 


carbonate diuresis in response to a 


patients with uremic acidosis (111). In view of the direct 


relationship be- 


tween plasma bicarbonate level and the effect of this enzyme ^ 

bicarbonate reabsorptlon ( 112 ) such observations pro^dde no 
mation about the activity of carbonic anhydrase in diseased tubu 
again, direct tissue analyses for enzyme activity would be of consi 

interest. ^ invoked 

Osmotic loading of remaining nephrons, which has often been 
to explain sodium-wasting in chronic renal failure (1 13, 1 14), is not ap 
the explanarion for bicarbonate-wasting as well During the 
non, the excretion of bicarbonate may far exceed that of chloride ( . ^ly 

osmotic loading in normal kidneys, chloride excretion is increased re a 
more than that of bicarbonate (115, 116, 117). _ _ 

Hyperckloremic actdojij in the common forms of renal failure.-- V 
chloremia is not ordinarily associated with the acidosis resulting , 

common causes of renal failure. Plasma bicarbonate is usually 
"unmeasured” anions such as phosphate, sulfate, and organic aa . ^ 
appearing to lend plausibility to the archaic notion that the aa 

uremia is somehow caused by the retention of these anions. Hyperc 0 » 

on the other hand, is usually considered to be the hallmark of tubular aa 
sis, and quite different mechanisms of pathogenesis are thought to 
volved. However, it has already been noted (81) that failure of one or 
tubular mechanisms for acid excretion must account for both types o 
addosis and it has been further suggested that the level of chloride in p 
is probably inversely related to the extent to which reduction of 
filtration rate elevates the concentration of "unmeasured anions, t 
therefore be predictable that hyperchloremic addosis might occur as a p 
in the development of \'arious renal diseases, when the tubular add-secre 
(unction has been suffidently impmred to cause addosis but when glomeru 
function has not yet been reduced enough to cause significant retention 
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of adult or infantile RTA, were nevertheless considerably higher than normal 
acidotic controls who had maximally add urines both before and after the 
phosphate infusion. Furthermore, none of the patients excreted acid urines 
prior to the phosphate load, despite very low plasma bicarbonate levels. 
Addifying responses to infused anion loads may be expected to vary with the 
tubular handling of sodium (106) and with the permeability of the anion 
(125). Hence, the modest reduction in urine pH during phosphate infusion 
cannot be construed as necessarily indicating normal distal tubular capadty 
to establish gradients of hydrogen ion, although these observations do show 
that the acidifying defect may be relatively slight in some patients. 

Reynolds (122), Burnett & Williams (3), and Wrong & Davies (98) have 
suggested that the essential defect in RTA consists of an inability to acidify 
the urine without any underlyingde/ect in ability to produce ammonia or to 
exchange sodium for hydrogen at less than maximal hydrogen ion gradients. 
Nothing is known about the exact nature of the acidifying defect. Deficiency 
of carbonic anhydrase has often been suggested as a possible explanation, 
based mainly on the superfidal analogy between RTA and the effects of con- 
tinuous administration of a carbonic anhydrase inhibitor such as acetazola- 
roide. Blunted responses to this agent in patients with RTA (111, 122, 126, 
127) add little strength to this hypothesis since, as pointed out before, re- 
sponse is normally blunted in the presence of metabolic acidosis. Against the 
carbonic anhydrase idea, however, is the fact that “bicarbonate-wasting” 
*8 not a prominent feature of this disease. Recently. Yaffe, Craig & Fellers 
(127) have reported that carbonic anhydrase activity was normal in renal 
tissue taken by biopsy from a child with RTA. They also found normal 
glutaminase activity and they suggested a defect in “energy production” 
within tubular cells as a possible cause of inability to acidify. Since potassium 
depletion may somewhat impair urine acidifying ability (128). the possibility 
exists that this may play a role in patients with RTA who are potassium- 
depleted. However, occasional patients do not become potassium-depleted, 
but nevertheless fail to acidify normally (98, 129, 130). Furthermore, the 
acidifying defect in potassium depiction is neither as invariable nor as severe 
as that manifested in RTA. 
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acidosis may well ultimately be rep damage that results 

pyelonephritis is of importance in pr uang ^ definitely decided in 

L RTA or is simply a frequent eonspl.caUoo, cannot be dehmtey ^ 

many ^es. This *°subs“ta”ntial number of cases are of 
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meat (98) and by the frequency of onset in infancy ‘ RTA 

Ttthular acid-base ngitlalioTi. The disuoc \e . ^ g_0, even 

of the adult is the inability to acidity the unne much be pH 
when there is no complicating unna^ infection, Jddified 

120, 121, 122) have demonstrated that the unne fai , low levels 

even when the plasma bicarbonate concentration is ' ':7„ride. Am- 

cither spontaneously or by the admimstiation oi ammo . -H of 

monium excretion is cither norma! or slightly high in re a 
the unne (98, 122, 123), hut patienU with RTA show ve^ Uttle nse^_^ 
ammonium output when challenged with aad loads (97, 98, ' ^ defect 

patients studied by SchwarU ei at. (97) a slight normal, 

was demonstrated when the plasma bicarbonate level was raised t 
but the delect was not as great as has been observed in occ^mna p 
with uremic acidosis. Infusion of bicarbonate has been repo rates of 

relatively Uttle immediate diuresis of bicarbonate; the calcu a . 

reabsorption were within normal limits (121, 122). It should ^ .i-tively 

sired here that acute observations of this sort may be misleading, r 
unimpressive changes in rates of reabsorption per rninute inay e en 
determine significant variations in total daily excretion of bicar ona - 
the urine is always alkaline there is, in a sense, a constant sma ^ a 

bicarbonate in the urine even when the plasma bicarbonate remain 
constant low level (97, 98, 121, 122). The excreUon of titrataWe aao 
duced, mainly due to the constant alkalinity of the urine 122) 

reduction in phosphate excretion. A number of investigators ( » ^Ice in 

have shown that infusion of neutral phosphate with 

phosphate e.xcrction will not change urine pH significantly and wa pjjos- 
increase the excretion of titratable acidity in direct proportion to . jg 

phaturia. There does not, therefore, seem to be any r^dily of 

limit to the distal exchange of sodium for hydrogen in the 
titratable add even though the capadty to establish hydrogen ion g 
issignificanllyimpaircd. ^ & Burnard 

In contrast to the observations summarized above, Latner ofios- 
(124) obser>-ed to six infants with RTA that rapid infusion ^ ia 

phate resulted in addification of the urine and significant locre 
ammonium excretion. Urine pH during the infusion *^**8 -3545 

5.80: these values, though lower than most of those reported 10 other 
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untoward reactions to antimicrobial agents' 

By H. J. Simon, M.D., Ph.D., and L. A. Rantz, M.D. 

Stanfcrd Vnmmily School of Medicine, Stanford Medical Center, 

Palo Alla, California 

Untoward reactions to antimicrobial agents are of three types. One. often 
related to the dose, is caused hy the direct tozic action of the ^“ther, 
less clearly correlated with the amount administered, is f yarded 

due to allergic hypersensivlty. A third type of reaction is 

tlons in the normal flora of the body with subsequent superinfection by or- 
ganisms resistant to the antimicrobial agent that is eing a ram 

It is the purpose of this review to analyze the nature, ““ 

rence, and mechanisms of reactions to antimicrobial agents. l"[“'™hon 
which appeared between 1956 and June of 1960 has been 
space prevented the consideration of bacitracin, eryt romy i , 
acid hydrazide, oleandomycin, penicillin, para-ammo sa icy i ’ 
myzin, and the sulfonamides. All have been in clinica use for many years 
and the untoward results of their administration are we e ” • reactions 

Many other reviews have considered the literature on 
to thevLious antibacterial drugs (l _to 10). ^"=‘"5 I™” 

justified or prophylactic use of antimicrobial agentSy eem . . , 

resistant microorganisms, and the danger to the 
antimicrobial contamination of foodstuffs, are beyon 

"the agents selected tor discussion are presented 
their generic names. Those included are amphotencin-B, f 
furaltadone, griseofulvln, kanamycin. neomycin, nitrofurantoin, novobiocin, 
ristocetin, the streptomycins, the tetracyclines, and vancomycin. a.j,u|g 

The more important untoward reactions are to the 

which appears at the end of this review. This table lists 
antimicrobial agents which are discussed in the paper as i hecause of 
important reactions to those agents which could not be " ?' 

space limitation. Pertinent reference numbers for t e a^ nnronriate head- 

the table and the references themselves appear under their app P 
ings in the bibliographic appendiic 

AiirnoTEiuciN-B 

Amphotericln-B is an agent with a high degree of activity against cermin 
fungi associated with localized and systemic mycotic in ^j. 

slightly soluble and is poorly absorbed from the 
from depots following intramuscular injection. For systemic t PY. 

> The surs cy of the literature pertaining to tHs review was concluded in Septem- 

her, I960. 
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drug is diluted and carefully administered. Dosages of the order of 0.5 to 0.7 
mg. every 48 to 72 hr. have, nevertheless, resulted in arachnoiditis on at least 
one occaLn, but only after several months of treatment. Pam m the legs and 
back occasionally follows this form of therapy. This reactmn seems to be 
controllable with elevation of the foot of the bed by ten inches for one hour 
after administration of the drug. The site of the lumbar puncture should be 

varied for each injection (3). ^ ^ a. r oi„c 

Intrapleural injection of amphotericin may give rise to most of the sys- 
temic effects of Intravenous injection unless small doses are used. Th 
method seems particularly indicated following pulmonary surgery for my- 
cotic lesions caused by susceptible microorganisms (8). 

Amphotericin has been injected directly into localized tepons such as 
joints, subcutaneous lesions, hone, and lymph-node abscesses. The dose 
varies with the location of the lesion (1. 5. 6, 9). Systemic effects are slight, 
and local reactions are generally mild if the concentration is ow. 

Chloramphenicol 

Chloramphenicol is an effective antimicrobial agent which, at first 
seemed to be quite safe. Within two years however, blood dyscrasias were 
observed and, more recently, unusual reactions in infants have been 

dyjcrosms.-Several comprehensive reports have dealt 
with the problem of chloramphenicol-induced blood dyscrasias 
These reactions most commonly take the form of p^cy op ' * 

agranulocytosis and thrombocytopenia have also ecn ° inrlivld 
numerous occasions. A large number of these accidents m indmd- 

uals who had ready access to this drug and used It \Mt ou a q ... 

tion. Other patients were given frequent, short courses o c ora P 

Not every case of so-called chloramphenicol-induced bone n>“crow de^e 
Sion was clearly attributable to this agent. Many patients had been simuf 
taneously exposed to other drugs which were, themse ve^ occasio 
dated with these accidents. On the other hand, it must be 'tat 

not all of the chloramphcnicol-induced blood dyscr^ias ave ee , 

Between 1953 and 1960 the Registry on Blood Dyscrasias 
of 34 instances of pancytopenia in which chloramp enico •was . . e 

administered (3). Lother study of the same subject oites 31 ' ’h^'’ 

curred between 1955 and 1957 (2). Twenty-three of these 31 “ 

fatally. Only eight of the 31 cases had previously been «P°'‘=d ° the Reg^ 
istry. One reaction per 10,000 patients treated may be a reasonable 
of the actual incidence. . , pjvcn 

Chloramphenicol therapy in infants. Premature in a anti- 

chloramphenicol prophylactically alone or in corn ination Other 

microbial agents after spontaneous rupture of the membranes (5) Other 

groups of premature infants received either no antimicro i E 
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"*'3>iirilj.— Most patients receiving amphoterian-B ^5 

experience reactions ot vapring S^eSns usnali; 

nausea, vonuting, anorexia, and malaise (1, ♦ , i, j^ses 

subside with continued tberapy. It is advisable to begin ™ ’ w, 4 
gradually Increasing the amount until the desired t'*“i'ile .5 
to 6). A number of investigators suggest that many of ^ 

be imnimized if therapy is given only every other day (3 to 6). 
tional because of the prolonged persistence of significant ampho 
centrations in serum following a single dose. Chills and fever can . 

mized n-ith premedication consisting of antipyTetics and an is 
agents (1, 3, 6). Sometimes all of these measures fail, and therapy niu 

discontinued. . . .i,._aov. 

Azotemia has been a frequent complication of amphotericin 
Usually, there is no other evidence of a renal lesion, and the ni^ogen re 
tion regresses when the drug is discontinued (1, 3 to 5). Redudng t e o » 
or reverting to an alternate-day scheme of therapy may be enough to 
the renal function to normal or near-normal. Suitable serial tests o _ 
function are mandatory in the management of patients recei\’ing amp o 
dn systemically. , . . 

Chemical thrombophlebitis following the intravenous administra 
amphoteridn is quite common unless certain precautions are obsers’e - 
concentration of the drug should not exceed 0.1 mg. per ml. The rate o 
infusion should be slow. A small gauge needle should be employed, an 
site of infusion should be rotated daily (3). It may be necessary to use * 
dwelling catheter situated in the vena ca^•a if the above measures fai • 
arin in 10 or 20 rag. amounts added to the infusion may also be of bene t. 

Indiddual case reports have commented on other and apparen > 
common side effects of amphoteridn therapy. These have included^ 
chest pain, abdominal discomfort, gastrointestinal bleeding, flushing, a 
iety, hypokalemia, apparent hepatic toxidty, and convulsions in in ^ 
Single instances of the following reactions have also been reported. . 
ness, generalized pain, blurring of \'ision, urinary* casts, transient 
a temporary increase in heart size, and generalized pruritus (1 to ^ 
instance, the rapid infusion of the drug (28 mg. in 40 min.) resulted m 
eralized convulsions, ventricular fibrillation, and cardiac arrest with recov 
following a sharp blow on the chest (4). 

To date, all toxic reactions to intravenous amphoteridn have _ 
vcrsible upon discontinuation of the drug. Reduction of dosage or 
mittent cessation of therap>’ may be required on occasion, but perm 
withdrawal of therapy rarely seems ne^sary. , 

Intrathecal injections of amphoteridn are usually well tolerat * 
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combination of penicillin and streptomycin. Chloramphenicol was used in a 
dosage of 165 mg. per kg. per day. None of the prophylactic regimens pro- 
tected the infants in any way, and all such treatment was associated with a 
higher morbidity than was found in the control group. Both study groups 
receiving chloramphenicol demonstrated a significantly greater morta i y 
rate than either the control or the penicillin-streptomycin treated group. 

The clinical courses of the chloramphenicol-treated infants who died were 
strikingly similar. The signs appeared in a characteristic sequence, “d Save 
rise to the term "gray syndrome." Treatment was started 
birth. Each infant’s condition was satisfactory for the next 48 hr. Then f - 
lowed a sequence of vomiting, refusal to take food, respiratory is r , 
abdominal distension, cyanosis, and the passage of loose,^ green stoo a 
the next four or five days. The infants became flaccid, t eir co or was ^ ’ 

and they died in circulatory collapse. When therapy was iscon inue 
the infants became seriously ill, recovery usually ensued during the subse- 

ThU synLme has occurred in both premature and 
(5, 6). The rapidity of onset and severity of the disorder varie ' 
the dosage of chloramphenicol and seemed most violent w en 
started very early in life, especially in the premature groui^ 

Chloramphenicol serum concentrations were ® eprum A 

apparently because of the prolonged persistence of the drug in 
combination of factors seems to be responsible for this """I 

function and the conjugation of chloramphenicol to its ^ ^ 

ficient in the newborn. This combination of deficiencies allows 
of the drug in the tissues, often in toxic concentrations ( , )• 

reasons, the recommended dosage schedule to infants now consi 

Other reactions. — Chloramphenicol is an extremely 
angioneurotic edema, urticaria, local moniliasis, or enteroco i ' 
occasional mention is made of these reactions. Most o t . jjgtrgsg 

one or two fatal cases have been reported. Diarrhea an a , .t 

occur in a few patients, but the incidence is nn the in- 
broad-spectrum antimicrobials. Chloramphenicol has ess e . 

testinal microflora than do the tetracyclines, perhaps oromptly 

dose is rapidly absorbed from the jejunum and the remain P 

inactivated (7). 

FURALTADONE 

furaltadone is the newest of the *?nr^-positi« 

able for general use. Its antibacterial spectrum includes ma y 

and Gram-negative microorganisms, and The major clini- 

oentrations may be achieved following oral admimst • . Lyjocoed 

oal indication for furaltadone seems to rest on its effects ag 
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locytosis has not been recorded to date. Thrombocytopenia has also been 
reported in two patients (2). 

Griseofulvin 

Griseofulvin is highly effective in a great variety of dermatophytoses. It 
must be given by mouth since local application is ineffective. Prolonged ad- 
ministration is necessary because of the persistence of inhibited but still 
viable fungi in the affected tissues. Treatment must be continued until all 
of the affected tissues are replaced in the normal course of tissue regeneration. 
This process may take six months in the case of a diseased nail and nail bed, 
and two to three months when tinea capitis is presenL Any agent admin- 
istered over such long periods of time would be expected to carry with it a 
significant hazard of untoward side effects but this has not been the case for 
griseofulvin. Only minor reactions have been described and these rarely 
necessitate discontinuation of therapy (1 to 8). 

Toxicity . — Early studies in animals indicated that griseofulvin could act 
as an inhibitor of mitosis, and sperm counts were shown to be depressed in 
animals receiving very large doses parenterally. This has not occurred in 
several groups of human beings who were studied by means of serial sperm 
counts and testicular biopsies (1, 2, 3). Only one instance of transient azoo- 
spermia has been reported (12). The sperm count returned to normal when 
therapy was discontinued. 

The cytotoxic effects of griseofulvin suggested that it might cause bone 
marrow depressions but no serious accident of this nature has been described. 
Several investigators reported transient fall of the total leucocyte count, 
which returned to normal when therapy was discontinued (1, 7, 9, 10). In 
some cases, therapy was continued in the face of this complication without 
further depression being noted. 

Nausea and epigastric distress have occurred in less than 5 per cent of 
patients comprising the series analyzed here (I to 9). These manifestations 
were more common when 2.0 gm. per day were administered and less so at 
the presently suggested dosage of 1.0 gm. per day. Griseofulvin is excreted 
very slowly and its site of activity is found in slowly metabolizing tissue sites 
(keratin). It may therefore be possible to reduce the dosage even further 
after more experience has been obtained in its use. 

Headache also occurs following griseofulvin administration and may be 
slightly more common than intestinal upsets. It occurred in 24 of 137 pa- 
tients in one series (11), and in 10 percent of 134 patients reported elsewhere 
(12). It may be severe initially, but cither abates spontaneously or docs not 
recur when therapy is reinstItuted after a short interruption. Aspirin may 
relieve this symptom. 

There have been a number of other untoward reactions which could be 
grouped under the general category of disturbances in mood or nen-ous 
s>*stem function. Drowsiness and fatigue have occurred quite commonly. 
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*at are rerls.ant to the other antMcroblal agents. Us clinical value seenrs 
very llnrited quantitative InlormaUon available on 

furaltadone therapy. A combination of erythema, faaal ^ 

spasm, arthralgia, nausea, urticaria, tachypnea, hypotension, S P . 
feeling ol constriction ol the chest has occurred in such 
reaction is clinically very similar to that seen in patients ,ed 

for the control ol alcoholism. To date, 60 such reactions have been repo 

to the manufacturer (2). ^mirred 

Neurological disturbances following furaltadone therapy 
in at least 2S instances (2). Manifestations have included . . . 

paresis of the extraocular muscles, nystagmus, blurring of vnsion, dim 
auditory acuity, peripheral neuritis, dysphagia, slurred speech, an 
culty in pbonation. Cessation of therapy was followed by 
in all cases except for one diabetic patient who still complains o 


These reactions are serious and frequent enough to have caused t e ma 
facturer to issue three cautionary bulletins. They stress - 

ance of alcohol in any form during and for seven days follon-ing fura ^ 
therapy. Moreover, the manufacturer suggests that no therapeutic 
extended beyond five days, and that the total duration of furalwdone ^ ^ 

apy not exceed 14 days in an effort to minimize the neurotoxic 

Furaltadone is closely related to nitrofurantoin, an agent implicate i 
several instances of hemolytic anemia of the primaquine-sensitive 
A shortened survival time of primaquine-sensitive erythrocytes hM ^ 
noted (1), but no clinically recognizable hemolysis has occurred. “ ° 
should be exerdsed, especially when furaltadone is administered to Negr 
and patients of Mediterranean and near-eastern origin. ... 

One patient with pre-existing kidney disease was observ’ed who rapi 
develop^ renal insuffidency when furaltadone was administered. ^ 

HypersensiliTity reactions . — Approximately 10 per cent of persons 
ing furaltadone have developed fever and rashes. More severe reactions a 
dated with (ever, myalgia, and pruritus that could be reproduced by rea 
ministration of the drug have been observed (1). _ - u t 

One-third of 24 patients in one group (1) developed eoslnophilla wit ou 
other signs of untoward reaction even though treatment was 
Transient leucopenia has been reported on two occasions. The leucocyi 
counts promptly returned to normal upon cessation of therapy, and agrau'* 
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Ototoxicity was demonstrated in one study to follow the administration 
of 40 gm. of kanamycin and also after approximately 20 gm. of neomycin 
(4). Much smaller amounts of both drugs have caused this reaction in older 
persons and in those with renal insufficiency. 

In one of the larger groups of kanamydn-treated patients (S), the ind- 
dence of severe toxicity and hypersensitivity reactions amounts to 11 per 
cent, or 5 of 45 patients. Three developed fatal nephrotoxicity while receiv- 
ing parenteral doses of 2 gm. per day for 6, 7, and 14 days, respectively. One 
patient became deaf after 18 gm. given over a 9-day period, and one devel- 
oped a generalized rash. These reactions are similar to those recorded in the 
earlier reports of neomycin toxidty. 

The section on neomycin should be consulted for additional information 
in regard to kanamycin toxicity since all of the phenomena recorded there 
have been or will be experienced during the use of this new and closely re- 
lated agent. 

Neomycin 

Neomycin is a toxic agent most likely to damage the auditory nerve and 
the kidneys. It is poorly absorbed from the bowel and has been employed 
widely by mouth to suppress the gastrointestinal Bora in preparation for 
colonic surgery and in persons with Uver disease. Parenteral administration 
in the management of infection by staphylococci and Gram-negative bacilli 
resistant to the action of other antibiotics has also become established 
practice. 

Nephroloxiciiy , — Nephrotoxicity was one of the earliest documented 
toxic effects of neomycin (1). The lesion consists of focal areas of foamy 
vacuolization of the epithelial lining of the convoluted tubules, particularly 
the proximal segments. Proteinuria and cylindruria represent the usual 
clinical findings. The occurrence of nephrotoxicity is definitely related to 
dosage and total duration of parenteral administration. Amounts as low as 
1.0 gm. per day for periods of two weeks have resulted inscv'crc nephrotoxic- 
ity] when given to patients with no known renal disease. This appears to be 
reversible if detected in the early stages. At least 15 fatal cases have been 
reported recently in which neomycin could be considered the lethal factor in 
patients without antecedent renal disease (2). 

The potential effect of neomycin on previously damaged kidneys war- 
rants extreme care when this agent is employed in such situations. Dosage 
must be adjusted to allow for delayed excretion (3). 

Absorption is increased when ncomydn is administered orally to patients 
with severe hcp.atjc disease, ulcerative colitis, or perforation of the bowel. If 
there is an element of coexisting renal insufficienc>% toxic blood and tissue 
concentrations may be attained rapidly (3, 4). 

Ototoxicity . — Auditory nerve damage similar to that caused by the 
streptomycins but more severe and arising more rapidly, also follows par- 



jjp SIMON AND BANTZ 

Vertigo, insomnio, mlW and dis- 

become necessary to dls^nUnue „ „„,ed in a very 

A possible potentiation of the effect jpcJrahle side effect but 

smMl rumber of paUents. This Is said not to be an unde maWe ^ 

should be evaluated further mth proper cognizance of the poten 

■■"''t^patlentdevefopedtachyrardlaanddushmg.hen^^^^^^^^^^ 

fulvin vere taken at the same time. This may be simila r--nuentlv in 

“rfumltadone. It occurs rarely, but may be reported more frequently 

‘"'^Trlnslent albuminuria was noted in five (9) So 

icterus index in two patients in one «ries of 52 or o*er 

Other abnormalities of renal or hepaUc function were "“jjd m th^® 
patients. The abnormalities returned to normal when therapy 

"°'Hyptr«nrilitily reuelieni.— Evanescent maculopapular 
atous rashes have occurred in less than 3 per cent of the paUents 
in the above studies. These reactions have usually cleared . 

the drug was withheld. In some instances, challenges with repeated 
istrations of griseofulvin have clearly esublished its role m the euol ^ 
these reactions. At least one case report describes a severe . i,. 

of generalized angioneurotic edema and persistent urtic^a, inois g 
able from similar reactions encountered following the administration o p 
dllin (12). Treatment had been started and then interrupted for four ’ 

The reaction first became manifest after two weeks of further therapy, 
patient was not known to have been exposed to other drugs during t is ni 
Griseofulvin is elaborated by and recovered from several speaes o cn 

dllium. Cross-sensitivity between penidllin and griseofulvin in 
have a history of previous penidllin allergy might therefore be expecte . 
such reactions have been reported to date even though the drug has a rea 
been administered to many patients with recorded prior untoward reaction 
to penidllin. 


Kanamycin 

The chemical structure and antimicrobial spectrum of kanamycin are 
similar to those of neomydn. Toxic reactions to the two agents are i entica 
but present eddence indicates that kanamydn is less likely to cause dea n« 
and renal lesions than neomydn when administered in comparable arooun 

Since neomydn has a substantially greater antibacterial activity it tspossi e 

that comparison of the towdty of the two agents on the basts of serum o 
tissue antimicrobial effect might demonstrate that there is no real advantage 
to the use of kanamydn (1 to 5). 
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reducing the intestinal microfiora over prolonged periods of time should be 
sought unless rigid precautions for the early detection of nephrotoxicity, 
ototoxicity, and intestinal dysfunction are employed. 

Hypersensitivity . — Hypersensitivity reactions to neomycin have been 
uncommon. Anaphylaxis has not been reported recently and dermal reac- 
tions were thought to be unusual but newer information suggests that this is 
not true. 

Conjunctivitis . — Epstein & McCormick report instances of contact sen- 
sitization with conjunctivitis following ophthalmic instillation of neomycin 
(IS). The combination of adrenal cortical steroids with neomycin in pro- 
prietary preparations seems to mask this reaction which then sometimes ap- 
pears after therapy is discontinued. Prompt clearing of the conjunctivitis 
usually occurs on cessation of therapy. Intradermal tests are frequently posi- 
tive but may be negative if mucous membrane sensitization has occurred in 
the absence of cutaneous sensitization. In the latter event, diagnosis may be 
established by means of instillation of neomycin solution into the eye. 
Prompt clearing of the lesion on wthdrawal of the drug should constitute 
sufficient clinical proof. 

Dermal contact reactions . — Epstein has emphasized the fact that neomycin 
is a frequent cause of contact dermatitis when applied locally (16), especially 
in the presence of some other form of skin disease. The eyelids are frequently 
involved. The delayed form of cutaneous hypersensjtiWty reaction may be 
demonstrated by intradermal tests with dilute solutions of neomycin. Neo- 
mycin-steroid combinations may mask the early manifestations of cutaneous 
hypersensUiNdty only to have these reactions present themselves in severe 
form when therapy is discontinued (17). Presumably, if the steroids had not 
been employed concomitantly, milder reactions might have been recognized 
earlier, 

A high degree of cross-sensitization exists between neomycin and strepto- 
mycin (16, 18). Intradermal tests often confirm this but are not without 
danger (18). Shock and urticaria have been reported follomng the intra- 
dermal injection of minute amounts of both neomycin and streptomycin in 
highly sensitive individuals. 

Nitrofurantoin 

Nitrofurantoin is an antibacterial drug which has had wide acceptance 
in the treatment of urinary tract infections where it serves principally as a 
suppressive agent. Toxic and hypersensitivity reactions arc ver>' similar to 
those recorded for furaltadonc and increase rapidly in frequency when the 
dose exceeds 7 mg. per kg. per day. At this dosage about 15 per cent will 
experience nausea and vomiting. Treatment will have to be permanently 
discontinued in about 10 per cent because of toxic and hypersensitivity reac- 
tions. Neither the disulfiramlike nor the neurotoxic reactions encountered 
with furaltadonc have followed nitrofurantoin therapy. 

Nitrofurantoin has been definitely identified as another in the ever grow- 
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enteral adnunUtraUon ^'^^“ar e mo"t “^ceptm 
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Ototoaidty is limited to the cochlea aad ^ 

tioa ot the organ ot Cord (7) aad °|,f “jibalar atec^^^^ 

cochlear ganglion (8) in the eipcnmen has not followed topical 

'"tl'Late has been claimed to !>^ cc’’u 

treatment of ototoidaty dae to neomycin (S). The 

bat this drug should be employed if deafaijs b“» app« ^ 

Rerpiroler, orrerl.-Respiratory arrest has followed 
mimstration ot neomyda at the Ume of abdominal surgery ( ' 

children and elderly patients appear to be at high nsk from ^ ^ ^ 

^•hich has followed within minutes of the administration of 0.5 gm. o 
drug in this manner. Artificial respiration has been used successfully 
instances, but a number of fatalities have occurred. in ani- 

Neoraydn has been shown to be a neuromuscular blocking agent in 
mals. This action is enhanced by ether and antagonired by k ^ 

Neostigmine has been used successfully to overcome q - 

respiratory arrest in patients undergoing surgery. Between 0.5 and i. K* 

were necessary to acWeve the desired effect (11). ^ . . j for 

A drug like neomydn, with such marked stability, limited rou 
excretion, and great toddty, should be administered with extreme i»u o 
when large amounts can be absorbed rapidly. If peritoneal contamination 
occurred, the use of small doses (fractions of a gram) and aspirauon o 
fluid before dosure of the abdomen should combine to minimize this par c 


lar aspect of neomyda toddty. Knwel 

DiarrAea and steatorrhea . — Neoraydn increases the number o 
movements, rendering the stools liquid. It does not usually increase 
volume of the stools or cause dehydration although some increase 
occurs (1). Several loose stools per day is the rule but some patiente 
a profuse, watery diarrhea refractory to medical management unti t e 
is withdraviTi (19). 

Falcon and his assodates have described a sprue-like syndrome 
steatorrhea and significant electrolyte imbalance which developed 
neomyda was given to patients with decompensated drrhosis of t e »' 
(14). It is of note that malabsorption did not depend on the presence 
diarrhea, but also occurred when patients were constipated. 

In view of these findings, and because of the increased absorption o neo 
mydn from the intestinal tract of patients with liver disease, other means o 
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such patients does give the same color ructions as does biliburin. Urine tests 
for bile are consistently negative. 

Thrombocytopenia and hemorrhagic disorders. — Novobiocin administra- 
tion occasionally has been followed by thrombocytopenia and hemorrhagic 
disorders (7, 13, 14). Such accidents are exceedingly rare, but have been as- 
sociated with lower-range dosages and have appeared as soon as the eighth 
day of therapy. More important, Day and his co-workers have described 
one instance of immunothrombocytopenia following novobiocin therapy 
(14), suggesting that this is a true hypersensitivity reaction. 

Leucopenia and agranulocytosis. — Leucopenia has been observed on 
numerous occasions when the peripheral white blood count has been followed 
carefully (15, 16). The leucopenia has subsided spontaneously with or with- 
out discontinuation of therapy, and appears to be a relatively minor compli- 
cation. Agranulocytosis has been reported on one occasion (15) but the clini- 
cal picture was obscured by a number of other potential agranulocytosis- 
producing agents to which the patient had also been exposed. This untoward 
reaction is certainly extremely rare if it is ever caused by novobiocin. 

Other untoward reactions. — Transient dizziness, and blurring of vision 
have occasionally been reported to follow immediately upon oral administra- 
tion of novobiocin (17, 18). In at least one Instance, the patient was mark- 
edly uremic before he experienced this reaction. There is no clinical or ex- 
perimental evidence to suggest true neurotoxicity from novobiocin unless 
large doses are applied directly to the cortex of experimental animals (S). 

Staphylococcal enteritis followed by monilia enterocolitis has been re- 
ported with novobiocin administration in one instance (19). While rare, this 
occurrence emphasizes the fact that any interference with the intestinal 
microflora may result in this dreaded and often lethal complication. 

One instance of an allergic cutaneous reaction resembling the Stevens- 
Johnson syndrome has also been described (5). This case W’as associated with 
marked nuchal rigidity, irritabiUty, stupor, and pleiocytosis in the spinal 
fluid with negative bacteriological and viral studies. This case is un- 
explained. 

Drug fever . — Most investigators and clinicians have been struck by the 
occasional occurrence of very high, sustained fever occurring during novo- 
biocin therapy. The exact incidence of this reaction is difiicult to determine 
but exceeded 10 per cent in several groups of cases when 2.0 gm. per day or 
more were administered (1, 7). The frequency of this reaction at lower 
dosages is not so well defined, but fever attributable to novobiocin is one of 
its more common side rcacdons. 


RiSTOCETlS 

Ristocetin js an antimicrobial agent of value in the treatment of infection 
by slapliyloaacd and other Graro-positiN’c organisms resistant to previously 
available agents. Use of this drug will be limited since ft must be gi^-cn intra- 
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«st of substance, capable of causing hentofysis in susceptible individuals 

^'■^^'nder the btoad classlBcadon of P'j-^f.-^lT^^tlLl'cTetcUnX 

mias, hemolysis has been sho\^ n to rwu ^ . exposed to any one 

tar— ‘s™ " “ 

caution in such patients. 

Novobiocin 

Untoward reactions to novobiocin are common. Most prominent are 

rashes and gastrointestinal upsets. ^ n^nallv appear 

caloneour rmrIionr.-Cutaneous react.ons to 7'“’"°°" "=“^/„J^ent 
as maculopapular erupUons within seven to ten j 

of therapy. Morbilliform eruptions, urUcana, severe 

neurotic edema have also been described (1 to 9). In collec e s jp 

over 700 patients, the average incidence of cutaneous reactions 
per cent, the distribution ranging from none m 30 patients 
tions associated tvith high fever In 24 of 45 patients. There is very » 
that the amount and duration of drug administration significantly a 
the incidence of cutaneous reactions. The frequency of untoward 
rises sharply when a dose of 1.0 gra. per day is exceeded, or when the co 
of therapy exceeds one week. „u,iftmJnal 

Gaslfoinleslinal Iracl.—Tbe incidence of nausea, ® ^ . „_r 

discomfort, and diarrhea also seems to be related to the dosage. At t 
range, the incidence of gastrointestinal reactions approxiinates 1 per • 
most are minor and therapy need not be discontinued. At higher ’ jgp 

incidence of reactions may approximate 50 per cent, but most of t ese a 
mild. Only occasionally does intractable vomiting or diarrhea require c 
tion of therapy (I to 9). It is generally believed that these side effects can 
minimized if the drug is given on a full stomach. ^ 

A’OToHocin "jaundice ." — ^Yellow discoloration of the skin, sc 
serum has been observed sporadically ewr since novobiocin was first re 
(10, 11, 12). It has usually been associated with dosages greater than 8 • 
per day but has occasionally followed considerably smaller amounts. ^ 
dren appear to be especially susceptible to this complication. A roug 
proximation of the reported inddence of "jaundice” places It at 1 per ce 
It has been daimed that the discoloration represents unconjugated bi iru i i 
and that novobiodn is therefore a hepatotoxin (10). The evidence or t 
slight. Therapy has been continued, liver function tests have remaine n 
mal, and the discoloration has disappeared spontaneously in a num 
instances. The discoloration is probably caused by a chromogenic meta o 
of novobiodn, although this substance has not been identified. The serum 
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with ristocetin (5, 9). It is believed to be less common with the newer and 
more highly purified preparations of the drug currently employed. Fever 
usually subsided promptly when therapy was discontinued. 

Thrombophlebitis and irritation following the local infiltration of risto- 
cetin occurred relatively frequently when this agent was first employed. 
More recently, the use of small bore needles, the frequent rotation of injec- 
tion sites, the use of intermittent rather than continuous injections, and the 
further purification of the agent itself seem to make these complications less 
troublesome. 

It has been recently suggested that the usual daily dose of ristocetin may 
be administered intramuscularly to infants and to patients for whom intra- 
venous injection is particularly difficult (10). The addition of 1.0 mg. of 
hydrocortisone for each 100 mg. of ristocetin in the injection appeared to 
diminish the local irritation sufficiently for this form of therapy to be toler- 
able. The recommended intramuscular dose for infants was the same as the 
recommended intravenous dose, or 50 mg. per kg. of body weight per 24-hr. 
period, administered in two injections per day. 

An interesting relationship has been established between the amount of 
administered ristocetin and the incidence of untoward effects (5). At a range 
of dosage from .1 to .9 gm. per day, there was a reaction rate of 3.1 per cent; 
at 1.0 to 1.9 gm. per day, it was 9.4 per cent; at 2.0 to 2.9 gm. per day, it was 
21.2 per cent; and at 4.0 to 4,9 gm. perday, it was 41.0 percent. 

The Streptomycins 

Hypersensitivity and toxic reactions consisting of skin rash, fever, and 
damage to the eighth nerve are the main side effects of the streptomycins. 

The last has attracted much attention recently since total permanent 
deafness has frequently followed the administration of small amounts of 
dihydrostreptomycin (I, 2). In certain cases this disasteroccurred after only 
a few grams of the drug had been given (3). Streptomycin may cause vestib- 
ular damage but an adjustment to the associated vertigo usually can be 
made by most younger patients. Elderly patients should receive strepto- 
mycin only when the indications for its use are clear. 

The ototoxic dose of these two agents is not precisely known but deafness 
or severe vertigo, or both, are known to have followed the administration of 
2 to 20 gm. (3 to 6). The onset of deafness may be delayed by several weeks 
after withdrawal of dihydrostreptomycin (3) but streptomycin neurotoxicity 
always appears during therapy. 

Combinations of streptomycin and dihydrostreptomycin have been 
evaluated (6). Deterioration of hearing as demonstrated by audiographic 
study occurred three times as frequently with the combination as with 
streptomycin alone in equivalent dosage. Dihydrostreptomycin clearly is too 
toxic for clinical use since a safer drug, streptomydn, is available. Dihydro- 
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platelet production occurs even dunog P’\““ ^ p,^,elet 

has been shown to cause disintegrabon of plate hematological 

suspension or normal blood. Throml«^topen,a and o her h™^ 
side effects seem to be closely related J (4), whereas 

ing 50 mg. per kg. per day ol ristocetrn developed cuchr^cboj I A 
Ure incidence was much lower in pauents recemng on y 25 ^ ^ 

day. Thrombocytopenia occurred in 1.5 per cent ol 333 collccteo 
treated with ristocetin and reported by the manulactu er (5). 

Agranuiocytosis, leucopenia, and neutropen.a have also lollowed 
cetin adminSratlon. The incidence cl these ^ „ ^hree 

lated to dosage and length ol therapy, and was re- 

times that ol thrombocytopenia (1. 4 to 8). It ts not clear -.'’'f “ 
actions are purely toaic in nature or whether there . ,hc 

hypersensitivity. Many ol the pauents who etpenenced dept'^ton 
leucocytic elements also had an associated eosinophiba and lever I ■ > 
Instances of leucopenia have occurred after days or weela 
of therapy, possibly indicating an element of delayed . jA./ ‘ 

Anemia is a rare complication of ristocetin therapy, appearing su 
and occasionally associated with overt bleeding (3. 4). Unrecogmsed 
loss in patients with thrombocytopenia may have explained its , 

other cases, but rouleaux formation and hemolysis have been demons 
in vitro when erythrocytes were exposed to concentrations of ristocetin ca 
ing platelet agglutination and lysis (3). mirres- 

One of 51 patients reported in one treatment series (1) developed pr p 
sive, irreversible deafness which began 24 hr. after the institution o ns 
cetin therapy. Its role in the pathogenesis of this complication coul no^ 
€\-aIuated since this indi\’idual had also received neomycin and vancom> a . 

The nephrotoridty of ristocetin is slight and only one instance o ren 
failure assodated with its use has been recorded (1). Excessive serum an ^ 
tissue concentrations may be antidpated and the dosage reduce acco 
ingly when the drug is administered to patients with kidney dise^e. 

Hypersensitivity reactions. — Betw’een 4 and 20 per cent of 
with ristocetin have developed rashes which usually disappeared w’ en 
drug was withdrawn (1, 4, 5, 9, 10). Two disturbing reports describe ® , 

tlve dermatitis in one-third of those indidduals who exhibited enn 

lesion (1, 4). Confirmation of this observation would be further in caOO 
for great caution in the use of ristocetin. _ j 

Drug fever has occurred in approximately 5 per cent of patients trea 
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Toxicity . — Ototoxicity is the major hazard of vancomycin therapy (1 to 
5). This effect does not seem to be related to dosage or duration of therapy 
except insofar as these are reflected in excessively high serum concentrations. 
Such high concentrations may result when the recommended daily dosages of 
2.0 gm. to adults, and 25 to 60 mg. per kg. to infants and children, are ex- 
ceeded, or if the drug is given to patients with impaired renal function with- 
out reductions in dosage (4). When vancomycin is employed in the presence 
of renal insufficiency, serial studies of renal function and audiometry should 
be obtained. The drug should be discontinued at the earliest symptom or 
sign of ototoxicity, other^vise deafness will be complete and irreversible. 

Nephrotoxicity with albuminuria and progressive azotemia was described 
in earlier reports but has been less of a problem with the more recent prepa- 
rations. In accumulated series comprising approximately 100 patients, no 
evidence of renal impairment was recorded (2, 5 to 8). Three of 54 patients 
in one group developed severe azotemia with a fatal termination in one (1). 
Serial determinations of the nonprotein nitrogen concentration in the serum 
and of the urinary sediment are desirable in all instances in which vanco- 
mycin is employed. 

Phlebitis at the site of intravenous injection was and still is a very com- 
mon occurrence. It appeared in every patient treated in some series (7), and 
was noted in approximately 20 to 25 per cent of the patients in others (5, 6, 
8). IGrby states that continuous infusions are much more hazardous in this 
respect than when the following regimen is adopted (5). Vancomycin is 
diluted in the ampoule as directed, and administered through the tubing of 
an intravenous infusion which had been started earlier, taking 5 to 10 min. 
for theinjection. The calculated daily dose is divided into four equal fractions 
and injected on a si.x-hourly schedule. Small bore, scalp vein needles in the 
peripheral veins or a catheter placed in one of the larger veins are used. The 
infusion site is rotated at least every 24 hr. unless a catheter is in situ. 

Severe chills, fever, and vascular collapse occur unpredlctably when 
vancomycin is injected intravenously (I, S), but these reactions are usually 
not prolonged and arc often controllable with antihistaminic medications. 
They were noted frequently when vancomycin was first made available, but 
their occurrence today can be estimated to affect no more than 1 or 2 per 
cent of patients to rvhom this agent is properly administered. 

Jlypersensitmty reactions . — Only one case of a non-fatal anaphylactoid 
reaction has been described to date (9). Tliis occurred in an indi\’idual who 
also manifested marked hypersensiti\'ity to novobiocin and sulfonamides. 

Cutaneous reactions consisting of generalized rashes similar to those en- 
countered with ristocetin have been noted in almost every series reported 
(1, 5, 6). These rashes have been urticarial, crj'thematous, or maculopapular 
alone or in combination. Their incidence in vancomydn-treafed patients is 
somewhere around 5 per cent Most of these are mild but occasionally pro- 
gress when therapy is continued, and may finally necessitate discontinuation 
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latter preparations should be avoided. _ n per day lor two to 

Streptomycin may be administered .n a dose ol W gim per y 

even though the datly dose is small. 

The Tetracyclines 

Toalc and hypersensitivity reactions are IndTht- 

tion with the administration ol tew^ehne, 

tetracycline (1 to 4). Gastrointestinal disturbances jay 

nausea, vomiting, and diarrhea, are relaUvely t Smaller 

or more may cause such reactions in 10 per “"t and 

amounts are much less likely to do so ( , , )■ • investiga- 

pruritnsani and vulvae are also Irequently observed app. 

tors believe that these disorders are caused by ovcrpowth o 
in the aSected areas but this has not been proved. Th' “ncuire 
tration ol an antilungal agent has been claimed to reduce the inciden 

this type of reaction (5). tNoae at« 

The most serious untoward effects of tetrac>'clme therapy 
tributed to the suppression of the normal bacterial flora of the ^ 

internal surfaces of the body, which permits overgrow J and 
by various potentially pathogenic microor^nisms. This interesu g 

complexsubiectUbeyondthescopeofthisrewew. ^ 

Recently a new agent, demethylchlortetracycHne, has been intr • 

It is well absorbed and more slowly excreted than earlier tetracy m 
that a smaller total daily dose may be effective. Vneed 

Untoward effects associated with its use are similar to those exi«n 
with the other tetracyclines with one exception. Photosensitivity’ as 
described follo\ving the use of demethylchlortetracycline (6, 7). * 

posure to sunlight was followed by the rapid onset of erythema and swe 
in five patients. These reactions were later reproduced by readministra 
of the drug under similar circumstances. Patients recei\’ing this agent s ^ ou^^ 
protect themselves from the sun. On the basis of our own experience 
iieve that this reaction occurs much more commonly in exposed pa 
than the literature available to date would indicate. 


Vancomycin 

Vancomycin is one of the more recent and most potent additions to th^ 
antistaphylococcal armamentarium. When properly used, vancomyaa 
essentially safe, although coexisting renal damage significantly increases 
hazards of toxic reactions. Its chief dbadvantage is that it must be a mi 
istered intravenously and that phlebitis occurs rather commonly. 



REACTIONS TO ANTIMICROBIAL AGENTS 

LITERATURE CITED 


I3I 


1. Carr, E. A., New Engl. J. Med., 24S. 

829-900 (19SI) 

2. Carr, E. A., New Engl. J. Med., 24S, 

935-40 (1951) 

3. Meyler, L., Side Effects of Drugs (El- 

sevier Publ. Co., Inc., New York, 
N. Y„ 1952) 

4. Hall, W. H., Minnesota Med., 35, 625 

(1952) 

5. Finland, M., and Weinstein, L., New 

Engl. J. Med., 248, 220-26 (1953) 

6. von Oettigen, W. F., Am. J. 3/erf., 18, 

792-809 (I9SS) 

7. Lowell, F. C., A«n. Internal Med., 43, 

333-44 (1955) 

8. Alexander, H. L., Reactions to Drug 

Therapy (W. B. Saunders Co., Phil- 
adelphia, Pa., 1955) 

9. Perfiatrte Clinics of North America, 3 

(Symposium on Aniimicrobial 
Therapy, 1956) 

10. Welch, H., Lewis, C. N., Weinstein, 

H. I., and Boeckman, B. B., Anii* 
hioiie Med. fr* CUn. Therapy, 4, 
800-13 (1957) 

11. Brit. Med.. Bull., 16, 1-88 (I960} 
AJtPnOTBRICtM-O 

1. Scabury, J. H,, and Dascomb, H. E.. 

Arch, Internal Med., 102, 960-76 
(1958) 

2. Uw, J. P,, Tfcger, A., McCullough, 

M. B., and Emmons, C. W., Anti- 
biotics Ann., 105S/59, 628-34 

(1959) 

3. Winn, W. A., Am. J. Med., 27, 617 

(1959) 

4. Nwcomer, V. D., Sternberg, T. H., 

Wright, E. T., and Reisner, R. M., 
J. Chronic Diseases, 9, 353-74 
(1959) 

5. Hunter, R. C., and Mongan, E. S., U.S. 

Armed Forces Med. J., 9, 1474- 
86 (1958) 

6. Littman, M. L., Horowitx, P. L., and 

Swadey, J. G., Am. J. Med., 24, 
568-92 (1958) 

7. Shields. L.H.,ArfA. Internal Med., 104. 

763 (1959) 

8. Sarot, I. A., LUtman, M. L., and Cer- 

ruti. M. M.. Sea View IIosp. Butt., 
17, 95-100 (1959) 

9. Costello. M. J.. DcFco, C. P., Jr., and 

LUttn.an, M, L., Arch. Dermatol., 
79, 184-93 (1959) 

»ACTTRACI.*f 

1. Meleney, F, L., Precliiioner, 176, 56 
(1956) 


CBLOJIA.MPHENJCOI, 

1. Welch, H., Lewis, C. N., and Kerlan, L, 

Antibiotics fe* Chemotherapy, 4, 607- 
23 (1954) 

2. Welch, H., Lewis, C. N., Weinstein, 

H. I., and Boeckman, B. B., Anti- 
biotic Med. &* Clin. Therapy, 4, 
SOO-IJ (1957) 

3. Report to the Council on Drugs, /. Am. 

Med. Assoc., 172, 2044-45 (1960) 

4. Dunlop, D. M., and Murdoch, J. McC., 

Brit. Med. Bull., 16, 68-69 (1960) 

5. Burns, I. E., Hodgman, J. E., and Cass, 

A. B., New Engl. J. Med., 261, 
1318-21 (1959) 

6. Weiss, C. F., Glazko, A. J., and Wres- 

ton, J- K.. New Engl J. Med.. 262, 
787-94 (1960) 

7. Woodward, T. E., and Wisseman, C. L., 

Jr,, "Chloromycetin,” Antibiotic 
Monographs, No. S, 25 (Medical 
Encyclopedia, Inc,, New York, 
N. Y., 1958) 

BftVTHROMVCI.S.OLnAKDOSiyClK-SPIRAMYCrN 

1. Dunlop, D, M., and Murdoch, J. McC,, 

Bril. Med. Bull., 16, 67-72 (I960) 

2. Forfar, J. O., and Maccabe, A. F., Anti- 

biol. el Chemotherap. (Basd), 4, 
115-57 (1957) 

3. Wetdi, H., Lewis, C. N., Weinstein, 

H. and Boeckman, 6. D., And- 
biotic Med. 6* Clt'n. Therapy, 4, 
800-13 (1957) 

4. Stryker, H., Siegel, B. B., and Grol- 

nick, M., Antibiotic Med. &* CUn. 
Therapy, 5, 723-25 (1958) 

5. Solomon, S., and Johnstone, B.. Am. J. 

Med. Set., 230. 660-74 (1955) 

6. Romansky, M. J., Nasou, J. P., Davis, 

D. S., and Ritts, R. E., /. Am. hied. 
Assoc., 164, 1197-1204 (1957) 

7. Bower, A. F., California Med., 89, 

279-80 (1958) 

8. Spink, W. W., Arch. Internal Med., 94, 

167 (1954) 

9. Blough, H. A., Hall, W. II., and 

Uong, L.. Am. J. Med. Sel, 239, 
539-47 (1960) 

nmAlTAPO.VE 

t. McCabe, W. R., Jackson. C. G., and 
KozlJ, V'. .M„ Anlibiolies Ann. 
1959-60, 776-84 (I960) 

2. McLeod, P. F. (Personal communica- 

tion) 

3. loftus, L. R., and Wagner. A. W., J, 

Am. Med. Assoc., 173, 362-63 
(I960) 



SIMON AND RANTZ 


130 

of the planned regimen. Contrary to the experience nith ristocetin, exfolia- 
tion is extremely uncommon and has not been reported recently. 

Drug fever occurs with or without other manifestations of hypersensitiv- 
ity or tojddty in 2 or 3 per cent of patients receiving vancomydn. The 
temperature elevations are not great and fever almost never requires cessa- 
tion of therapy. 

Eosinophilia has also occurred in most reported studies, but no other 
changes in the bone marrow or peripheral blood have been noted. 
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By Alexander Marble, M. D. 

Department of Medicine, Harvard Medical School; Joslin Clinic and New England 
Deaconess Hospital, Boston, Massachusetts 

The introduction of carbutamide (l-buty!'3-p*anunobenzene sulfony- 
lurea) (BZ-5S; Invenol, Nadlsan) into clinical use in Germany in 1955 (1, 2) 
quickly aroused wid^pread interest in oral hypoglycemic agents. This led to 
an extraordinary amount of activity throughout the world both in research 
laboratories and in clinics, resulting in a huge volume of publications during 
the past five years. Because of the difficulty soon encountered in elucidating 
the mode and site of action of the oral agents, the attention of investigators 
was turned anew to the nature of the underlying defect in diabetes and the 
method and place of action of insulin, still not well understood. In succession, 
certain agents were given clinical trial with large numbers of patients. Fol- 
lowing closely on the heels of carbutamide came tolbutamide (l-butyl-3-^- 
toluene sulfonylurea) (D860; Orinase, Artosin, Dolipol, Rastinon). Then 
chlorpropamide (l-propyl-3-p-chlorobenzene sulfonylurea) (Diabinese), and 
later raetahexamlde (\VP 40) (l-cyclohcxyl'3.(w-amino-^methylbenzene 
sulfonylurea]), were introduced. In addition to these closely related aryl- 
Bulfonylureas, a totally different group of synthetic chemical compounds, the 
biguanides, was subjected to study in animals and to clinical trials in pa- 
tients. Of the biguanides, the ones used most extensively have been phen- 
formin (phenethylbiguanide) (W32; DBI) and butyl-biguanide (W37; DBV). 
In almost unprecedented number and frequency from 1956 until the fall of 
1959, symposia were held at which laboratory workers and clinldans pre- 
sented data resulting from studies regarding basic problems in diabetes and 
the oral hypoglycemic compounds. In roost instances, papers presented at 
these symposia were published together. The reader may find conveniently a 
large part of the relevant literature by consulting issues of journals contain- 
ing groups of articles regarding the oral hypoglycemic compounds (3 to 13). 
In addition, the complete review by Duncan & Baird (14), in which 451 refer- 
ences are listed, should be consulted. 

During the year just preceding the final work on this review, the furious 
pace of research in the field or oral hypoglycemic agents slackened consider- 
ably. Investigators in the laboratory were slowed down by the difficulty in 
advancing beyond the point of understanding that had been reached. Clini- 
cians Were busily engaged in acquiring more extensive c-xpericnce with the 
■'•arious agents a\*ailable. New compounds introduced were few and, as of the 
present writing, have not secured an established place in clinical use. Three 
years before, in the fall of 1957, carbutamide had been withdrawn from fur- 


* Review of the literature 'R’as, in general, terminated ti'ith the August 1960 issue 
of the journab to which lefeirnce Is made. 


135 



SIMON AND RANTZ 


134 

2 . Editorial. BrU. Med. J., I. 103&-37 

W., Hildyard.V..Schuknecht, lU 

and Shea, J. J-. 

170. 16S7-<« (1959) 

4. Peniaan.A-C..DicVson,I..and Mmer^ 

T S , Tubercle, 38, 422-24 (1957) 

5 Cawthome. T., and Ranger. D., Brtt. 

Jfed.J..I.lM4-l7 (1957) 

6. V."ier. J. A-, Storey, P. B., Cu^. F. J, 
and Sriiless. J. M., Dtseasee of 
30. 628-32 (1956) 

7 Dunlop, D.M.. and Murdoch. J. M^. 

Brit. Med. BuU., 16, 67-72 (1960) 

8 1^11*011. H.T..J3ra.M*i./.,1.137&*8t 

(1938) 

9. Wel^ H., Lewis, C. N., l%einstctiu 
H- 1., and Boecknan, B. Auli- 
IriotU Med. &• ai*. Therapy. *. 
800-13 (1957) 

KEWea SWJOHAKtnES 

1. Scott, J. L., Cartwright, G. E., a^ 

^Tatrobe, M. M., Medlciue, 38, 
119-72 (1959) 

2 . V.'dch, H., Lewis. C, K., and ketlaa, I„ 

e Ckematherapy, 4, 
607-23 (1954) 

3. Lehr, D., An*. S. T. Atad. Set.. 69, 

417-47 (1957) 

4. Tiidale, \V. A., Nev Etiil. J. Med., 258, 

687-90 (1958) 

5. Tanovsicy, ^ C„ J. Am. Med. Assoc., 

172, ISS-57 (I960) 

6. CofflpOalkm of I>ala from the Perti- 

nent Worid literature — Courtesy 
of Lederie Laboratories (1959) 

TETRACTCLDfES 

1. Dunlop,D. M., andMurdodi, J. MeC^ 

Brit. Med. EuU., 16, 67-73 (I960) 


wdd.. H, t 

II. I,, and 

ttolic JM. f CK”. Tha.M. <■ «»- 

13 (1.57) .. 

3. Do-ling. H F- mrfSl 

Enclopedia. Inc., New \ ork, N. •• 

,. N JS C. R.. A... 

45, 409-44 (1956) 

6. MoS^W. E.. J. Am. Med. Assoc.. 172. 

1155- 56 (I960) , 

7 Falk, M. S.. J. Am. Mtd. Assoc., 172. 

1156- 57 (1960) 

VASCOVTCIS 

1. Waisbren, B. A.. 

2. C>od,*3?E.. HeUran. 

D. R,. and WeUmsn. • f-J 
SUsjf Meeiintt 

172-81 0958) _ J. 

5. Kirby. W. M. M., Perry. D. ana 

Bauer. A. W.. Sev A Med., 
262,49-55 (1960) .j. 

316-25 (1960) 

9. Rolbrabcg. H. J.. J.M- Jf'd- 
171, 1101-2 (1959) 



ORAL HYPOGLYCEMIC AGENTS 137 

doses of 500 mg. of metahexamide were given to each of four subjects, the 
average half life was 19.6 hr. 

The sulfonylureas are eliminated from the body only by the kidneys. 
Fortunately, the drugs or their denvatives are readily soluble in urine so that 
crystalluria has not complicated treatment with these compounds. 

Mode and sile of action . — In his early work with hypoglycemic sulfona- 
mides in the period of 1942-1946, Loubatieres (25, 26) proposed as a working 
hypothesis that the low’ering of the blood sugar was caused by a direct 
stimulation of the insulin-secreting cells of the pancreas. Despite considerable 
controversy and disagreement during the months which followed the an- 
nouncement in 1955 of the hypoglycemic effect in human subjects with dia- 
betes, the concept of Loubatieres won much acceptance from the start. As 
time has passed, more and more data have accumulated to indicate that the 
chief site of action of the sulfonylurea compounds is in the pancreas, the 
drugs stimulating the secretion or release of insulin, or both. General support 
for this idea is found in the facts that the sulfonylureas are not effective in de- 
pancreatized men or animals (27, 2S) (except, to some extent, in the latter if 
insulin is administered concomitantly (29)], and that the diabetic patients 
who respond best are those in whom the evidence is strong that a consider- 
able capacity for insulin production persists. Conversely, in patients in whom 
the capacity for insulin production is limited or approaches zero, as in those 
with onset of diabetes in childhood, the drugs are not effective (30). 

More speciBc and basic data indicating that the sulfonylurea compounds 
cause an increased output of insulin from the pancreas are to be found in a 
variety of studies. Pfeiffer et al. (31), extending their earlier studies on calves 
(32), placed cannulas in the femoral and portal veins of normal rats. Blood 
samples for the determination of sugar and of serum insulinlike activity were 
obtained before and 30 min. after the injection of a sulfonylurea compound 
(100 mg. of carbutamide or 10 mg. of metahexamide per kg.) into one of the 
tall veins. They found that, following the givring of the drug, there was a 
slight increase in the insulinlike acthity of blood from the femoral vein and a 
ver>’ considerable rise in the portal vein. More recently, Stuhlfauth el al. (33) 
perfused the isolated pancreas of the dog with carbutamide and appropriate 
control solutions. They measured by paper chromatography the amount of 
insulin in the perfusate as it came from the vein leading away from the organ. 
They reported a definite output of insulin when carbutamide was perfused in 
a glucose-free solution. These findings arc tn general agreement with those of 
Goetz & Egdahl (34) who used tolbutamidcand measured insuHnlikeactit'ity 
by the mouse assay method. They arc consistent also with the results of 
studies indicating that following the administration of sulfonylurea com- 
pounds there is a decrease in beta cell granulation IVolk & Lazarus (35)1 and 
a decrease in the insulin content of the pancreas (Root (36)]. Furthermore, 
ColwcH ft al. (37) found that following the infusion of sulfonylureas into the 
pancreatic artery of dogs there was a definite reduction in the blood glucose. 
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lular fluid of the body whereas carbutamide is distributed 
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40 min. after a rapid intravenous iojKtion. concluded that the ' 
distribution of the drugs were quite similar. Metahexamide w , 
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Within the body, tolbutamide is readily metabolized to a 
derivative that is physiologically inactive and excreted as such, f . 
found that v,hen doses of the order of 6 gm. per day are admim 
human subjects, a maximum of about 75 per cent of the admims er 
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ring lAchelis & Hardebeck (21)1. The metabolism of the sulfonylurea co 
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after 24 hr. and undetectable after 48 hr. (Johnson et al. (23)]. Stt^era r 
(19) state that the half life of tolbutamide, i.e., the time required . 
given serum level to fall by 50 per cent, is 4 to 8 hr., that of chlorpropa 
about 35 hr., and that of carbutamide 30 to 60 hr. with average \*aluea o 
34.5, and 40 hr. respectively. Hamwi el al. (24) reported that when sing c 
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Clinical use. In the early experience with the sulfonylurea agents, it was 
found that, in general, these drugs are effective in certain middle-aged and 
elderly persons with diabetes requiring no more than 40 or, more strictly, no 
more than 20, units of insulin daily for control [Mehnert, Camerini-Dav’alos 
& Marble (43)]. Early trials indicated that the compounds were not effective 
in most persons nith onset of diabetes in childhood and adolescence, in other 
patients with unstable diabetes, in keto-addosis and coma, during infections 
especially with fever, and during and following major surgical operations. 
Although many papers have been published during the last few years giving 
results in patients, very little of real importance has been added to these 
basic facts. It is true that some have reported effectiveness even during the 
conditions of stress just mentioned, particularly if combined with injections 
of insulin but, in such situations, the findings are often difficult to evaluate. 

As in earlier reports, clinicians have stated that among selected patients 
with maturity-onset type of diabetes, the diabetic condition can be satis- 
factorily controlled in SO to 80 per cent by means of appropriate doses of a 
sulfonylurea compound (44, 45). Lennon, Engbring & Engstrom (46) noted 
good to excellent control in 76 per cent of 104 selected patients treated with 
tolbutaimde for 2 to 32 months. Some have reported (47) that a somewhat 
higher success rate was achieved with chlorpropamide than with tolbutamide. 
It is difficult, indeed, to compare the reported findings and impressions of one 
clinician with those of another because of the many factors which influence 
the outcome. Among such factors are the selection of patients, place of the 
clinical trial, i.e., whether in an outpatient department or under more care- 
fully controlled conditions in a hospital, type of diet, frequency and interpre- 
tation of results of determinations of urine sugar and blood sugar, adequacy 
of data, and standards of control. Marble (48) has suggested the following 
standards; good control; majority of blood glucose values {Somogyi-Nelson 
method) fasting or at 3 or more hr. after food, must be 110 mg. per 100 ml. 
or below; fair control; majority of blood glucose •v'alues under the same condi- 
tions, 130 mg. per 100 ml.; poor control: all others. Somewhat similar stand- 
ards were proposed by Skinner, Hayes & Hill (49) who designated degrees of 
control as follows; excellent; fasting blood sugar (FoIin-\Vu method), 120 
mg. per 100 ml. or less; good; 120 to 140 mg; fair; 140 to 160 mg; and poor; 
more than 160 mg. per 100 ml. Pollen (50) considered control good when 
the blood glucose was below 130 mg. per 100 ml. fasting, or below 150 mg. 2 
hr. after food and when urine specimens obtained before meals showed only a 
trace of glucose or none at all. Control was considered fair when the blood 
glucose level n'as below 150 mg. per 100 ml. fasting, or below ISO mg. 2 hr. 
postprandially and when urine speomens before meals showed in general less 
than 0.5 per cent glucose. Other degrees of control were considered poor. 

However, in many other reports, no definite blood glucose standards are 
stated. This is unfortunate because in the middle-aged and elderly persons 
Under consideration, the renal threshold for glucose is often somewhat above 
the average normal so that tests for sugar in the urine may give an impression 
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cr release of insulin is admittedly ““■““• *"P'°f“f”hese accomplished? 
lease facilitated, or do both occur? By rrhat are difficult 

As Duncan & Baird (14) point out, ansrrers “ ^ are as yet 

because the basic mechanisms of insubn formation and discharge 

'^rpu“nsiderableer4dence.oindicatesamula,io^ofth^ 

don or release of insulin from the pancreas, studies ''“'f “ ^'ta ,en- 

creased peripheral glucose utiliration in response to such >“U ’ ; 

eral, yielded negadveresults. Although reporis by sniriousrio Urn, 

chiefly three or four years ago. are conflicting m some area . 
part studies including those of the arteriovenous . f,. have 

ance, respiratory quodent, blood pyruvate, lactate, an p P 
tailed to yield results that would indicate acuon of insulin m P P 
To explain this discrepancy, the concept has arisen that the major ac 
the Insulin released by sulfonylurea stimulation is in the Uver. r n 
seemed reasonable in view of the fact that the pancreatodu ena 
livers blood into the portal vein, thence to the liver rather than directij 
the peripheral circulation. This thought continues by suggesting a 
the liver, insulin in physiological amounts acts by inhibiting t e re 
glucose into the bloc^. This problem was studied by Frawley e o • v, . . ^ 
injected small amounts of insuUn into the portal vein of 
undergoing abdominal surgery. It was found that the intraporta injec 
insulin was followed by only a slight increase in the disappearance ra 
D-x>’lose which had been infused in contrast to the marked effect 
comparable doses injected into a peripheral vein. Madison el of. ( / 
eluded that insulin reaching the liver in physiological amounts from t ® 
creas by way of the portal blood inhibits hepatic glucose output. 
workers, giring insulin to dogs with complete end-to-side portacava 
by slow intravenous infusion in a manner which minimized or pre> 
hypoglycemia and its attendant counter-regulatory response, foun a pro 
decline in hepatic glucose output. . 

That the presence of the Uver is not essential for the hy^gly<*^^ thuta- 
of the sulfonylurea compounds has been shown in studies in e,2) 

mide has been given to hepatectomized rats (40), dogs (41), and rah its 

However, available data suggest that in the intact subject, the 
the blood sugar following the administration of the sulfonylureas 
chiefly by suppression of glucose output by the liver. This might be 
about, as discussed above, by the action of insulin released In 

sulfonylurea compounds or it might conceivably arise in part from the > 

effect of the drugs themselves on the liver through a mechanism no 5 
eluddated. 
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inddence of side and toxic effects. In the order of their toxicity they may be 
listed as follows; metahexamide, carbutamide, chlorpropamide, and tolbuta- 
mide. As indicated earlier, carbutamide (58) and metahexamide were with- 
drawn from further clinical trial in the United States because of an inddence 
of toxic effects higher than the value of the drugs warranted. Carbutamide is 
still used in certain other countri^ and the relative safety of its use is de- 
fended (59). 

Although there is a definite but small inddence of toxic effects from 
chlorpropamide, there have been very few reports of toxidty or of important 
side effects from tolbutamide during the five years in which this preparation 
has been used. Jaundice possibly related to tolbutamide has been described 
only rarely (43, 60), and then under unusual conditions with a past histon'of 
liver dysfunction. The case reported by Baird & Hull (60) was of the chole- 
static type often seen in drug allergy. In this connection, it should be pointed 
out that studies of toxicity in animals cannot be applied directly in man. 
Thus, tolbutamide has been shown to possess well-marked hepato-toxicity in 
dogs, whereas in man as stated, there Is little or no evidence of such. Sirek et 
ai. (61) gave tolbutamide orally to 12 depancreatiaed dogs for prolonged 
periods of time. All of the animals developed impairment in liver function; 2 
died and 6 had to be sacrificed because of jaundice and rapid deterioration. 
Apparently, tolbutamide is metabolized differently in dogs than in man 
(Mohnike & W^ttenhagen (62)h 

O'Donovan (44) summarized the side effects reported by cooperating 
physicians in clinical trials in 9168 patients. 57 per cent of whom had been 
maintained on tolbutamide for 6 to 28 months. Untoward responses were re- 
ported in 292 patients, 3.2 per cent of the total. Withdrawal of tolbutamide 
therapy was considered necessary in only 140 instances or 1.53 per cent. In 
these 140 patients the side effects ivere classified by O'Donovan as follows: 
hematologic, 11; dermatologic, 48; gastrointestinal, 63; other, 18. During the 
28 months of observation a total of 136 patients died, but only in one in- 
stance could death be related definitely to the use of tolbutamide. This fatal- 
ity was attributed to belatedly recognized hypoglycemia in an undernour- 
ished 86-year-old patient (63), No histologic evidence of islet cell damage 
attributable to tolbutamide administration could be demonstrated in those 
cases in which autopsy was performed. The incidence of side effects reported 
by 0‘Donovan agrees in general with that of Schfifiling ei al. (64) who re- 
ported from Frankfurt, Germany, their experience with 758 patients treated 
over a 20-month period with tolbutamide. These authors saw nothing to 
indicate that tolbutamide is likely to have any allergic or toxic action on the 
blood cells or bone marrow. Among the 758 patients, skin manifestations oc- 
curred as follows: urticaria, 7; dermatitis, 2; and toxic rashes, 3 patients. 
There were 7 instances of abdominal pain, 10 of pronounced constipation, 4 
of diarrhea, and 1 prolonged episode of nausea. SchOfiling et al. observed no 
instance of severe generalized allergic manifestations. The overall inddence 
of side effects necessitating withdrawal of tolbutamide i^'as 1.6 per cent. 
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with .he preparation longest in pae, 

given their results with 200 patients ti-ho luceived “">““‘”'7 F;. 

1 . The average maintenance dose was 1 gm. per day , _ 


to three years, 
creased to 3 gm. per day before the drug was 


considered ineffective. Follow- 
cent and the 


ing the first year of use. the secondary rate of failure was 29.5 per c 
monthly failure rate averaged about 3 per cent of the 

month. A satisfactory response to treatment vnth chlorpr p ^ndary 
hesamide tvas obtalnsd in 20 par cent ot those paUents shorrmE a si^nda^ 
(allure of response to tolbutamide. Herman & Jackson (53) used c P 
mide in 43 patients in whom tolbutamide had not been effective.^ 
spouse to chlorpropamide was considered eicellent in 20 cases and P 
in 14 others. The percentage ol secondary (allures as reported m tne 
ture varies widely presumably because of differing programs o 
trial. Various factors may contribute to secondary failures, among ^ »c 
the unwise initial selection of patients and the failure of the patient to^ o 
the prescribed diet. DeUn^er et ol. (52) found that patients who, dunng tn 
initial regulation, achieved no better than poor or fair control were t e 
most likely to develop secondary failures and this experience is in ’cep 
with that reported by others (43). ^ . ..l 

The factor of adherence to diet is all-important. Except in patien s 
the lowest insulin requirements, the amount of carbohydrate and o 
calories in the diet must be kept at appropriately restricted levels if su 
urea compounds are to have an adequate opportunity to be effecti^'^' 
failures arising from initial poor selection of patients or from non-ad 
to diet are, strictly speaking, not drug failures. However, in addition to t ^ 
types of secondary fmlures, there are those which occur without demonstra 


cause. These possibly amount to 10 to 15 per cent of those patients 
well-controlled on the drug although accurate data on this point are 


initially 

lacking. 


The cause is obscure and in some patients may be an unexplained change 
the basic character of the diabetic state. There has been no e\'idence broug ^ 
forth to suggest that long-continued use of the sulfonylurea agents 
the islet cells of the pancreas (44) or impairs further the ability of the dia e 
patient to utilize carbohydrate (54). ^ 

Use of sulfonylurea compounds in non-diabelic conditions. Of interes a 
published accounts of the beneficial action of tolbutamide in acne >"0 
(55), Parkinson’s disease (56), and multiple sclerosis (57). Th^e 
await confirmation and clarification as to thrir mechanism of action. 

Vnlo'xard and toxic effects. — Abundant clinical expenence has 
strated that the four sulfonylurea rampiounds, carbutamide, tolbutanu^ « 
chlorpropamide, and metahexamlde have, in human patients, a ■v'arj’in 
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Place oj sicljonylurea compounds in irealmenl . — Enthusiasm for hypo- 
glycemic agents varies widely. Some clinicians make extensive use of these 
compounds. On the other hand, Duncan (71) considers that only approxi- 
mately 10 per cent of all diabetic patients are “ideal” candidates for sul- 
fonylurea therapy. Such patients are not over%veight, have an adult-acquired, 
stable type of diabetes, and are satisfactorily controlled in 75 per cent of 
instances with either chlorpropamide or tolbutamide. Duncan estimates that 
80 per cent of all diabetics are overweight and recommends reduction of the 
total caloric intake sufBcient to reduce the overweight condition. He believes 
that dietary restriction alone is effective in controlling the diabetes, barring 
acute complications, in a majority of such patients and advises against sup- 
plementation of the undernutrition program with a sulfonylurea compound. 

The Bigi/anides 

The last few years have seen the introduction of oral hypoglycemic agents 
that are totally unrelated to the sulfonylureas. These compounds, the 
biguanides, of which the most widely used is phenformin (phcnethylbigua- 
nide; DBI), are among the guanidine derivatives. However, as will be brought 
out later in this discussion, the biguanides are non-toxic in human subjects in 
those doses that can be tolerated without digestive upsets. This is in sharp 
contrast to the toxic qualities of other hypoglycemic guanidine derivatives, 
including (a) the substituted monoguanidines such as methylguanide and 
(h) the alkylated bcguanidines, Synthalin A and B, which were studied rather 
extensively some 30 years ago and used for a few years in the treatment of 
mild diabetes until their toxic effect, particularly on the liver, became ap- 
parent (72, 73). 

The story of phenformin is not an old one since the first account of its 
effect in animals was published In 1957 by Ungar, Freedman & Shapiro (74). 
In the same year appeared a report of early trials in human diabetic patients 
begun in June, 1956, by Pomeranze, Fuiji & Mouratoff (75). 

Pharmacology and toxicology. — Phenformin, administered parentcrally 
or orally, causes a lowering of the blood sugar in guinea pigs, rats, rabbits, 
cats, and rhesus monkeys. In dogs, the hypoglycemic effect is inconstant at 
the dosage level made necessary by toxic effects which follow larger amounts 
(76). Phenformin is reported to be effective also in rats, rabbits, and monkeys 
made diabetic by means of alloxan (74); presumably, such animals retain 
some insulin-producing capacity. 

In the majority of patients with diabetes, phenformin in dosage of 50 to 
200 mg, by mouth causes some lowering of the blood sugar. Strange, and as 
yet unexplained, is the fact that in non-diabcUc human beings phenformin 
has no hypoglycemic effect even when doses as large as 400 mg. a day are 
given (77, 78, 79). 

A variety of biguanidc derivatives have been studied for their ability to 
lower the blood sugar. Osterloh (80) iov-cstigated the hypoglycemic effect 
following the oral administration of a series of such compounds to normal 
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cause of untoward effects. ^ itnusual flushing of the 

An untoward effect of some mter«t s ha of 

sldn, especially of the face and nM , o „nonnds This response is 
beverages by a person recdving sulfonylurra comiw • 1 H 

sMar^o that ^perienced by ^rsons "hTolb— 

occurs to a greater extent nlth chlorpropamide '"'“““.I , 5 „ 5 . 

Dolger (66) states that the giving ot an ally pro- 

ceptibleindmdoals one hour prior to the taking of alcohol mil usna , 

tect them from this side effect. . • -j nf etde effects 

In the early experience vith chlorpropamide, the ““'/fees 

was higher than at the present Ume apparently jaily 

given at a time when clinical trials were in the exploratory stag - 
doses ol chlorpropamide ol 1 gm. or more, ^|^i„d„ded 

lethargy, muscular weakness, ataxia, and diitinKS.Othe 5 P ^ 

anorexia, nausea, vomldng, abdominal discomlort. chest p ’ , 

and leucopenia. A further haxatd with larger doses was found to be p 
hypoglycemia attributed to the slow metabolism ol Fol- 

the body and the building up of an overly high bloM level of */' 

lowing discussions at the conference on chlorpropamide and djae 

held in New York City on September 25-27. 1955 (9)..considerabl> low 
doses became the rule, and at the present time most clmiaans do not 
a daily dose of 500 mg. and find that smaller amounts often suftc^ .» 
occasional instances of prolonged hypoglycemia have been report tn 
tive indisiduals. Karlin (67) described a case of fatal ogranulocj 
other important complication of chlorpropamide therapy, encounter . 

with smaller daily doses, is that of hypersensitivity to the drug rnani 
usually by dermatitis or hepatic dysfunction, or both. In those patien s 
develope jaundice, the sequence of events has often followed the 
tern. Most patients who exhibit drug idiosyncrasy to chlorpropanu e wi 
so within tvi-o to five weeks after beginning treatment. Early 
signs include a rise in the serum alkaline phosphatase, eosinop 1 
rash, and “drug fever.” If recognized early enough and the drug 
tinued, overt jaundice may at times be avoided. The jaundice is ^ 
benign, reversible type; liv'cr biopsy has shown intracanalicular i c s 
(68). The patient reported by Rothfeld el al. (69) developed multip e - 
effects including jaundice of cholestatic type, erythema 
ceeded by exfoliative dermatitis, and ulcerative proctocolitis wit 
diarrhea. , ,i-qv 

Among 382 patients treated with chlorpropamide, Bloch &I-cn ar 

noted the following side effects: gastrointestinal, 9.7 per cent; oer 

2.6 per cent; and alcohol intolerance (flushing of the face and nec '), 
cent. Despite periods of chlorpropamide usage up to 18 months, im ms a 
of toxic effect on the liver, kidney, or nervous system was recognized. 
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periods of time up to four years or more, no permanent tissue toxidty, no 
hematopoietic effects, and no alterations in liver or kidney function have 
been reported. 

Ketonuria may, at times, develop in patients receiving phenformin. This 
is thought to reflect inadequate carbohydrate utilization and can be over- 
come by increasing the amount of carbohydrate in the diet and perhaps the 
dose of insulin if such is being used concurrently (88). 

Mode and site oj action. — The blood sugar-lowering effect of phenformin 
and its analogues is easy to demonstrate in norma! and diabetic animals and 
in certain diabetic patients- However, to elucidate the mechanism and place 
of action of these compounds has proved to be a far more difficult matter. 
Williams et al. (89) have sho\sm that in in vitro studies, phenformin causes an 
increased glucose uptake by the rat hemidiaphragm but, instead of an in- 
crease, there is a decrease in glycogen and an increased lactic acid production. 
According to Clarke & Forbath (90), the increase in glucose uptake is not 
accompanied by an increase in pentose space, insulin space, or water content 
of the intact isolated diaphragm. Steiner & Williams (91) interpreted their 
findings to indicate that the increased glucose uptake of the diaphragm 
might result from inhibition of oxidative acti>*ity rather than from a direct 
stimulation of anaerobic glycolysis. These workers found that the oxidation 
of several tricarboxylic add cycle intermediates by mitochondria in vitro 
was inhibited in the presence of phenformin. They concluded that these com- 
pounds may produce hypoglycemia through a primar>’ inhibitory effect on 
certain respiratory enzymes with cytochrome oxidase possibly a principal 
site of inhibition. However, Wick, Larson & Serit (92) thought that cyto- 
chrome oxidase is not inhibited but that the site of interference is at some 
point prior to cytochrome-c in the succinic oxidase system. Kruger el al. (93) 
prepared rat kidney mitochondria from isotonic sucrose homogenates and 
studied the effect of phenformin and dinitrophenol on the respiration of the 
mitochondria, using fumarate as a substrate. They found that phenformin 
inhibited oxygen uptake and that dinitrophenol released this inhibition. They 
consider their results to be consistent with the mechanism proposed by 
Hollunger (94) for the action of guanidine and its derivatives. Kruger el al. 
postulate that the effects of phenformin in vitro can best be explained as a 
primary interference with the transfer of respiratory chain high-energy 
bonds to adenosinediphosphate, secondarily blocking ehetron transport 
which is reflected in diminution of oxygen uptake" with the creation of a 
partially anaerobic state. This diminishes the Pasteur effect which normally 
limits glycolysis in respiring cells. 

When phenformin is added to liver preparations in vitro, a reduction in 
Glycogen content and increased production of lactic acid are ob5cn.*cd (Wil* 
Hams et at. (83)). Nielson et ah (87) showed that phenformin produces a 
marked decrease in the output of glucose from the liver, and work from the 
same laboraior>' (89) indicated that this is attributable neither to inhibition 
of glucose-6-phosphatasc nor to Increased storage of liver glycogen. As a 
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..ce, .a., and guinea pigs. He lound^t t ^ 

dosage had a considerably greater bW =“8"-'°"' « subjected to 

ethylblguanlde. The compound, *■ f S Tates, the hypo- 

extensive clinical trials and methylbenzyl-(DBC) 

glycemlc action ol amyl-(DBB), isoamyl lun * ut. . ,is„,s on an 

as well as butyl-(DBV) blguanide has b«n used over 

Investigational basis hut found not to have any important advan 

m in Houssay-s laboratory 

phenformln and determined the lethal dose in dogs sd„i„. 

and rabbits following both oral and (it, some animals) '“b^utan 
IstraUon. They state that when large doses are given ^ additional 

from hypotension and from action on the nervous systeim ^,,„al- 

tactor of hypoglycemia In rats (85). Hypophysectomized 
ectomized dogs and rats were more sensitive to phenformin tha 
ma\ animals. AdrenaUn. glucose, and hydrocortisone had a protectiv 
on the mortality of rats, but not on that of dogs in the doses usea. 

found 00 hypoglycemic effect in depancrcatized dogs. r,vrm5n is 

Ungar el at. (74) found early that evaluation of toxicity of phemo 
made difficult by the fact that animals die in hypoglycemia ^ 

toxic effects can be observed. Postmortem examination of tissues ® druz 
pigs and a monkey dying in hypoglycemia after a large dose ° ' ® 
showed no damage in kidney, adrenals, liver, spleen, .. ^ 

creas, skeletal muscle, lungs, testes, or lymph nodes. Ukewise, ® _ 
Lazarus (86) reported that phenformln does not cause histologic or 
chemical alterations in pancreas, liver, or skeletal muscle and, furt emo . 
that no changes were observed in the kidney after the giving of mo ® ^ 

doses of the drug. In two rabbits given large amounts of phenformin 
mg. per kg. twice daily for 6 days), hyaline droplet formation and vacuo iz^^ 
tion of the distal convoluted tubules as well as a reduction in succinic 
hydrogenase activity in the kidneys were found. There is evidence t ® . 
mals can tolerate, over long periods of time, doses of phenformin w • 
compared to those used in human diabetic patients, are very large, 
formin pven for periods up to six months causes no demonstrable bioc ^ 
cal or histological damage in rats, guinea pigs, rabbits, monkeys, or ^ 
Nielson el at. (87) found the growth of young guinea pigs to be unimpaif 
by the administration of phenformin. 

In human subjects, as already noted, there is a high incidence of 
intestinal symptoms foUon'ing phenformin if doses above a certain Icnc 
exceeded. Symptoms consist of anorexia, nausea, vomiting and, at ’ 
abdominal distress and diarrhea. The dose that is tolerated varies from 
son to person but the unpleasant side effects occur frequently if 
dosage given to an adult exceeds 200 mg. daily with a still higher ina en 
of untoward effects if the dose is 300 mg. or greater. _ . 

Although phenformin has now been used with thousands of patients 
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chosen, was achieved in 88 per cent with or without concomitant treatment 
with insulin. A similar optimistic report was that of Pomeranze et al. (100) 
who used phenformin in 206 patients for two years. Confirming the earlier 
impression of this group of workers (101), phenformin was considered to be 
an effective hypoglycemic agent in all types of diabetic patients. Among the 
206 persons mentioned, 128 were under treatment which the authors con- 
sidered successful at the time of the report. Of the 128 patients, six had been 
followed for more than two years, 18 for more than one year and the remainder 
for 1 to 12 months. A total of 110 patients among the group of 128 were 
treated with phenformin alone; 68 of these were over the age of 45 years. 

Although it may well not be true of physicians generally, a survey of the 
literature suggests that the majority of those who devote a large share of 
their attention to the treatment of diabetes and who use phenformin at all, 
employ it chiefly in the following classes of patients (102): (*) Those with 
unstable diabetes, usually persons with onset of diabetes below the age of 30 
years. In such patients, insulin is continued although often in lower dosage. 
(«") Those in whom a "secondary failure" has developed udth a sulfonylurea 
compound, (m) Those in whom sulfonyJureas are partially effective but in 
whom the giving of phenformin along with a sulfonylurea compound results 
m satisfactory control of hyperglycemia and glycosuria. 

Krall et al. have reported their results in a series of papers (103 to 108). 
In one of the latest of these publications (107), Krall summarized the experi- 
ence with more than 350 patients who had received a biguanide compound in 
the 28-raonth period from December 1956 to April 1959. Among the 244 
patients of the series on whom adequate data were available, there were many 
in whom the diabetic condition was unstable and difficult to control. A sig- 
nificant blood sugar -lowering effect was observed in 88 per cent of the group. 
Hoivevcr, at the time of the report only 107 patients were still receiving the 
biguanide preparation with duration of such treatment ranging from 3 to 28 
months. Of the 107, 58 were under treatment with dietary restriction and 
biguanides alone while 49 others were receiving insulin as well as the oral 
agent. Krall regards phenformin as particularly useful in smoothing the 
course of patients with unstable diabetes. Such an effect is admittedly diffi- 
cult to document with concrete data. 

As summarized by Bcaser (109), five clinicians speaking at a symposium 
in Houston, Texas, early in 1959 reported the frequent finding of a reduction 
in insulin needs when phenformin was given concomitantly. The same 
workers noted a stabilizing effect of phenformin on "brittle" diabetes among 
a group of diabetic patients totaling 145, and specifically studied for this 
purpose. These satisfactory features of phenformin treatment were noted 
particularly by those dealing with the growth-onset (juvenile) type of 
diabetes. 

The combination of treatment with a sulfonylurea agent and phenformin 
has been reported upon particularly by Bcaser (110) and by Mchncrt (111). 
Their findings arc in general agreement with those of others, to the effect that 



*'“ D^tethe fairly consistent results of in vilrc studies "'"''} 

that phenformln may Inhibit electron transport and 

the succinic dehydrogenase or cytochrome oiidase level, or both, in m 

adlt^se Sine, and liver, Ungar. Psychoyos & Hall (96) have eepr^srf 

great doubt as to the validity of the idea that the ‘'V^Elycem.c action o^ 

phenformln arises from inhibition of tissue oxidation. They base 

on the findings that certain biguanldes tvhlch have a )'yPfSlynno“'= 

in rim have Uttle or no inhibitory effect on Ussue oxidation in el/rn, anu v 

versa. Beckmann (97) agrees mith Ungar in this regard and, ’ 

points out the fact that the amounts of biguanidc used in the in eifro “““ 

have been unphyslologically high. He regards the mode of action 01 

biguanides as Still not dear but, in fact, ‘'v6llig im dunkeln. ^ 

Clinical uie.— There is general agreement that phenformln exerts so 
blood sugar-lowering effect in a high percentage of persons of varjmg ag 
and durations of diabetes (12, 13, 98). In certain middle-aged and elderly 
persons with “mild” diabetes, presumably those with considerable endoge- 
nous insulin production, phenformln may be used alone. In other diabetic pa 
tients, particularly children and older persons with the juvenile, ® 

type of diabetes, phenformln may be effective if insulin in dosage suited o 
the indmdual, Is given. In such patients, the giving of phenformln ^ 

crease the insulin requirement by 25 to SO per cent. As pre\'iously noted, a 
high inddence of side effects consisting of a metallic taste, anorexia, nansc^ 
vomiting, and diarrhea may be expected if daily doses are given which 
(in adults) 150 to 200 mg. per day and almost certainly if the dose exce s 
300 mg. per day. Smaller doses must be used with children, and in all pa 
tients the total daily amount must be pven in three or four doses daily. ^ n 
der clinical trial at present are “time disintegration" capsules containing 
either 50 or 100 mg. of the drug. This dmpliffes treatment since, in responave 
patients, only one capsule at breakfast and one at supper giving a tota 


either 100 or 200 mg. of the drug daily, are necessary. . 

At the present writing, there is a wide divergence of opinion among dim 
dans as to the place and value of phenformln in the treatment of diabetes. 
At one extreme are those who look with disfavor upon any use of the bigua- 
nides and, on the other hand, there are those who, like Barclay (99), believe 
that “phenformin is a safe and effective orally given hypoglycemic drug 
which is sufBdently wide m its range of actidty to be considered the^ ora 
therapy of choice in the nmnagement of diabetes." Barclay reported his re 
suits with 104 patients aged 4 to 83 years who were studied for seven months. 
Most of these patients had had difficulty in controlling diabetes prior to 
taking phenformin. Fair to excellent control, according to the standar s 
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EVALUATION OF HAZAIIDS OF RADIATION 
EXPOSURE IN MEDICAL PRACTICE^ 

By L. H. Hempelmann, M.D. 

Division of Experimental Radiology, University of Rochester School of Medicine 
and Dentistry, Rochester, New York 

Since the Atomic Age began, the medical profession has become increas- 
ingly aware of the potential dangers resulting from exposure of ever-larger 
numbers of people to ionizing radiation. Now that the entire world’s popula- 
tion is exposed, to a greater or lesser degree, to the radiations from the fallout 
of hydrogen bomb testing, the hazards of radiation have become as familiar 
to the reading public as to the physician. It came as a distinct shock, how- 
ever, when, in 1956, two national committees, one in Great Britain (1) and 
one in this country (2), disclosed the fact that the estimated average dose of 
radiation received by each individual in these countries from medical sources 
far exceeded that from any other man-made source. Wth the realization that 
x-rays used even diagnostically might be harmful, it became necessary to 
reassess the actual dangers involved and to reconsider how the risks of medi- 
cal radiography and radiation therapy might be reduced without denying 
the admitted benefits of such procedures. The purpose of this paper is to 
attempt to assess these risks using, as far as possible, data obtained from 
studies of the effect of radiation on man. 

Although it is sometimes said that radiation injuries are not well under- 
stood, it must be realized that the biological phenomena seen as a result of 
radiation injury are probably as well established as those of any other disease. 
A vast amount of research has been conducted on radiation-induced biological 
reactions, ranging from the submolecular through mammalian levels and in- 
cluding extensive studies in man. This has given us an immense amount of 
knowledge about the biological mechanism involved in radiation injur>'. 
What is not clearly understood, however, is the quantitative relationship be- 
tween the dose of radiation and the degree of injur>', particularly at low- 
radiation levels. The fact that valid data are difficult if not impossible to ac- 
cumulate at near background radiation levels is what has led to the con- 
troversial statements that one reads in scientific articles as well as in lay 
writings. In an attempt to pro>idc such badly needed biological information, 
scientists have extrapolated data obtained using high doses to low levels to 
predict quantitative reactions in man. It is in these areas where knowledge is 
limited and where conclusions and conWetions are often intuitive, that one 
reads and hears contradicloiy and misleading statements about radiation 
hazards. 

To illustrate the difficulty of assessing hazards to man of exposure to low 

* The eurvc>’ of the fitcraturc pertaining to this rc\’icw was concluded in August, 
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radiology were particularly guilty of this, especially in the course of fluoro- 
scopic examinations. For example, it has been estimated that many children 
in one American city must have received x-ray doses of the order of 100 
roentgens to their entire bddies during the first year of life in the course of 
routine fluoroscopic examinations in Well-Baby Clinics (3). With increas- 
ing awareness of the potential dangers on the part of physicians, with the 
improved radiological techniques, and with the actions taken by Public 
Health Departments in a number of states, exposure of patients in general 
has been reduced considerably In the last five years. Thus, in Richmond, 
Washington, a town well aware of radiation hazards because of its connection 
with the Atomic Energy Plant at Hanford, the average gonadal dose to 
residents in the course of one year was calculated to be 1.3 r during the first 
30 years of life (4) rather than the 4.6 r estimated to be the average gonadal 
dose throughout the country (5). With the current and projected improve- 
ment in x-ray equipment, increased sensitivity of films, and measures such as 
protection of gonads, there is every reason to believe that the contribution of 
medical radiography to the total exposure of our population will continue to 
decrease. 

With this background in mind, an attempt will now be made to assess the 
actual danger to large population groups exposed repeatedly to radiation at 
low levels such as arc used in medical radiography. 

Genetic Effects 

In 1927, Muller reported that exposure of adult male fruit flics to x-rays 
increased the spontaneous mutation rate (6). This mutagenic action of radia- 
tion has been confirmed repeatedly in many species of animals including 
mice. The following summary of these genetic effects of radiation in animals 
especially pertinent to the problem In man is taken largely from the United 
Nations Report (7) and from publications of W. L. Russell (8 to 1 1), 

There appears to be no threshold dose below which radiation does not 
cause mutations. The mutagenic effect of radiation on spermatogonia and 
oocytes appears to be cumulative throughout the reproductive life of the 
exposed animal. Almost all detectable mutations produced by radiation arc 
harmful to some degree. The dose of radiation that will double the spon- 
taneous intadence of mutations varies Avith the species but tends to cluster 
around the range of 30 to 60 roentgen equivalents. 

A given dose of radiation will induce IS times as many point mutations in 
spermatogonia of mice as in the corresponding cells of fruit flics (8). Recently 
it has been shown that fewer mutations were produced in the sficrmatogonb 
of mice by a given dose of x-ra>'s administered at a rate of 90 r per minute 
than by the same total dose given at a rate of 90 r per As-cck (9). However, 
reducing the exposure rate to 10 r per week did not further diminisli the 
frequency of mutation (10). Finally, it has been shown that certain types of 
radiation reduce the Jife-9p.in of the offspring not yet conceived as well as 
that of the irradiated parent mice (ll). 
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other traits such as cleft palate which concentrate in families but do not 
follow simple genetic theory. Environmental factors during embryonal de* 
velopment or the involvement of many genes modifying the developmental 
process in a complex manner probably play a role in this and other cases. 
Other genetic diseases such as cystic fibrosis of the pancreas, although follow- 
ing the laws of recessive gene transmission in families, occur too frequently 
to be explained by a balance between mutation and natural selection. A 
final large group of hereditary diseases including schizophrenia and manic 
depressive psychoses have been attributed to simple recessive mutant genes 
modified in some way to an unknown extent in their expression, and by a 
mechanism which is not clear. 

In addition to these sharply defined traits controlled by specific genes, 
there arc other human characteristics which depend upon genetic control of a 
different type. These characteristics, such as life-span, intelligence, birth 
weight, and stature, are determined by many genes each with an effect so 
small and so closely related to each other or to the environment that only the 
collective effect of the influence of the genes as a group can be studied by 
statistical methods. Although the effect of an increased mutation rate on 
traits controlled by specific genes can be calculated with some degree of 
certainty, the effect on the characteristics just described is not at all dear. 

Perhaps the most important concept for the physician to understand in 
order to appreciate the genetic hazards of radiation is that concerned with 
the burden of mutant genes in the gene "pool" of the total population. Each 
mutant gene not leading to death of the indiridual in the first generation or 
to his failure to reproduce is passed on from parent to offspring until eventu- 
ally, no matter how small its deleterious effect, it will lead to the premature 
death of a descendant or to his failure to produce the normal number of off- 
spring.* These so-called "genetic deaths" must balance the number of new 
mutant genes being introduced into the population. This results in a state of 
equilibrium which we do not want to disturb by subjecting the population 
to the action of mutagenic agents such as man-made radiation or certain 
chemicals. It is iraplidt in the concept of the mutant gene "poo!" that each 
unit of radiation absorbed in the germ tissues is equally effective (ignoring 
differences caused by dose rate) in adding to the genetic burden of the popu- 
lation whether one person receives a large dose (proWded he is not sterilized) 
or whether many people receive smaller amounts which add up to the same 
total dose. Thus, the genetic burden to society of exposure of persons to a 
given dose of radiation will depend upon the fraction of the total population 
the irradiated group represents. With increasing pre\'alcnce of man-made 
radiation and now radioactive "fallout" from hydrogen bomb tests exposing 
csscnti.iny the entire world’s population, the effect on the mutant gene pool 
is much greater even with small exposures per indiWdual than when onlj* a 

* The number of rec«.!i\-e mutant genes per penwn has Ixrcn eitimatcil to be a» 
hich as 60 by MoJIer (16) and as low as OJ by Stevenson (15). 
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or less can cause malignant change or have other undesirable late effects. As a 
result of two studies of man, to be reviewed below, it has even been suggested 
that the leukemogenic action of radiation has no threshold. Further, if cer- 
tain assumptions are made about the dose in these studies, it can be postu- 
lated that the dose of radiation to the entire body required to double the 
spontaneous incidence of leukemia is of the order of that required to double 
the mutation rate in germ cells. These hypotheses challenge the classical 
view that the somatic effect of radiation is a threshold reaction whereas the 
genetic effect is non- threshold. 

Four somatic effects of radiation will now be considered. They include 
the effect on embryonic development, tumor induction, fertility, and short- 
ening of life span. As before, studies in man will be emphasized and, where 
possible, the effects in the low dose range will be stressed. 

Developmental abnoymatilies . — Animal experiments have shown that the 
embryo and fetus are exceedingly sensitive to the effect of radiation. Irradia- 
tion during the preimplantation period causes death of most of the litter; 
those animals which survive to birth are not grossly malformed (20). In con- 
trast, irradiation during the postimplantation period produced develop- 
mental abnormalities, with those involving the skeleton and cerebral nerv'ous 
system being especially prominent (20, 21). The former are caused by as 
little as 25 r of x-rays (20). The embryo is most radiosensitive during the pe- 
riod of major organogenesis. There is a critical period for irradiation during 
development which governs the type of abnormality produced. It should be 
pointed out that this effect of radiation is not unique as similar malformation 
is produced by radiomlmetic drugs, nutritional imbalance, etc. 

In the case of the human embryo, the period of major organogenesis lasts 
from approximately the second week to the sixth or seventh week (20). This 
would be expected to be the period of maximum radiosensitivity. There arc 
numerous isolated clinical examples of anomalies in children exposed pro- 
natally to radiation (20, 21). Six of eleven children of Japanese mothers at 
Hiroshima within 1200 m. of the hypocentcr of the nuclear explosion showed 
microcncephaly and mental retardation, and one was a mongoloid type (22). 

It has been the general medical practice to avoid using radiographic pro- 
cedures for pregnant women except for pelvimetry or a flat film of the abdo- 
men when indicated. Because of (he possibility that the radiation doses during 
fluoroscopic procedures might affect the cmbrj’o during the .second toscv’erith 
week, Russell (20) recommends that ivomen of the childbearing age should 
be subjected to such procedures only within two weeks after menses. This 
would avoid exposure of the embr>'o in cases of unsuspected pregnancies. 

Tumor induction : — The first epidermoid carcinoma occurring In the 
grossly overexposed skin of a pioneer in the field of radiology was reported 
in 1902 (23). Since then there has been e\'er-incrcasing experimental evi- 
dence that exposure of almost any tissue in the body can lead to malignant 
change If suitable conditions of irradiation arc used. Such exposure conditions 
usually involve large dose* of radiation, often protracted over a long periotl of 
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years for thymic enlargement with smaller doses of x-rays through smaller 
ports than those formerly used (32). He concludes that the difference of 
leukemia rates in the various studies may be explained on the basis of the 
volume of tissue irradiated and the part of the body treated as well as on the 
dose. In contrast to the contradictory observations on leukemia incidence, 
the increased frequency of thyroid cancer is substantiated in all but one 
prospective study and in numerous retrospective studies (33). The lowest 
dose associated with thyroid cancer was 100 r (30). 

The third group of persons studied after radiation exposure consists of a 
group of patients with ankylosing spondylitis given x-ray treatments to the 
spine. This study, reported by Court-Brown & Doll (34), is of great interest 
because the radiation doses are known accurately and the number of cases of 
leukemia is sufficiently large to attempt to relate the dose to the incidence 
of disease. Of 32 confirmed and five probable cases of leukemia, all but one 
were acute in nature or, if chronic, then of the myeloid type. There is a clear 
relationship between dose and leukemia incidence In patients receiving more 
than 500 r to the spine. The group with the greatest exposure (2750 r) had 
about a 3S-fold increase in the incidence of leukemia over that in the general 
male population. Since only two cases of leukemia received less than 500 r 
to the spine (and one of these received additional extra spinal treatments), 
one cannot be certain that the same dose relationship exists at Jow-dose levels. 
Nevertheless, the authors point out that extrapolation of the curve of dose 
versus leukemia incidence to the low-dose range suggests that the response 
may be non-threshold. One critidsm of tKis hypothesis is that nothing is 
known of the leukemia incidence In untreated patients suffering from anky- 
losing spondylitis, a disease with a strong hereditary component. Indeed, 
there is a suggestion that the leukemia inridence in persons suffering from 
rheumatism is higher than It is in the general population (35). 

The fourth study of leukemia inddence in the irradiated population of 
Hiroshima, has been reported by HcysscI eJ ol. (36). Here, again, there is a 
dear rdationsiu'p between the estimated dose or the distance from the hypo- 
center beneath the atomic explosions and the leukemia inddence. How far 
down the dose scale the correlation holds is not certain, but the authors state 
that they believe an increased incidence occurs in persons receiving the 
equivalent of SO to 100 r. It must be pointed out that considerable uncertainty 
exists as to the exact location of the persons at the time of exposure and the 
reliability of even the best current dose estimates. If, as seems probable, the 
dose estimates are of the right order of magnitude, then the leukemia inci- 
dence per roentgen of total body exposure turns out to he about one to two 
cases per roentgen (RAD) per year after exposure per one million people ex- 
posed; at least, this is true in the dose range .above 100 r and holds for .at 
least 10 to 15 years after exposure (37). It is of interest that children appc.ir 
to be more susceptible to the leukemogcnic action of radiation than arc adults 
and that chronic lymphatic leukemia was rarely obscr\*ed (36). 

So far we have been speaking of leukemia inddence in persons receiving 
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time, and delivered to a small volume of tissue. We 

ever In the cardnogenlc action of radiation doses used .n meical practice 
and believed until recently to be perfectly safe. Only stud.« of ^ 

thj-roid cancer trill be discussed as they provide the only data avadah 

latinc dose to cancer inddence in man. ^ -j 

Epidemiological survej-s of the incidence of leuhenna and thyvoid rana 
after radiation exposure have been made of five types of 
groups. The first statistically valid study was that of Henshaw S. HawUns 
(24), who reported in 1944 that the incidence of leukemia deaths in Amenra 
physicians was almost double that in the general male population. tiubK- 
quent surveya of deaths among radiologisU in this country have confirmee 
these observations, but in recent years the leukemia incidence among ra lo - 
ogists seems to be decreasing (25). A comparable study of Bntish radiologist 
revealed no increase in leukemia incidence since 1921 (26). The difference i 
leukemia frequency in these tw'o groups similarly exposed hw been attnbu 
to better radiation protection measures used in Great Britain, The Amencan 
studies are valuable in showing that repeated exposure to radiation, pn- 
marily to the hand, arms, and upper torso (depending upon the protec^ve 
measures used), can lead to the development of leukemia- They are of no 
value in establishing the quantitative relationship of dose to leukemia ina- 


dence as there are no data concerning exposure levels. 

A study of children given x-ray therapy in infancy for thymic enlarge* 
ment reported by Simpson & Hempelmann (27) regaled an increased ina- 
dence of leukemia and other forms of cancer, especially thyroid cancer» o\er 
that expected to occur in the general population of the same age or In un- 
treated riblings of the treated children. The number of cases of leukemia 
ten times that expected, whereas 100 times as many cases of thyroid malig- 
nancy were found. This study ^^•as of particular Interest because some cases o 
leukemia were observed in children who had recei\'ed between 100 and 200 r 


of x-ra 5 *s, a dose formerly considered to be completely innocuous. In a group 
of 2400 children so treated (28), the leukemia inddence did not show an 
obdous dose dependence. For example, four cases were observed In 1050 
children reeddng less than 200 r and five cases in 1025 children recei%’ing 
more than 200 r and usually less than 600. An increased number of leuken^ 
cases was also observed in 73 children treated for pertusds and in about 1100 


children gi\'en x-ray treatments to the bead and neck (29). 

The role of radiation in the development of leukemia in these children is 
difTicult to difTerentiate from that of the medical condition for which the 
treatment was gi\xn. It is quite dear that there are a^•aiIable no control 
groups comparable in all ways to the cluldren selected for treatment except 
for radiation exposure. Other survey's of children givxn x-ray treatments 
have confirmed the high inddence of thjToid cancer but have not shown more 
than the expected number of cases of leukemia (30, 31). An author of t^ 
original study of children mentioned aboNX also has not found an increased 
frequency of malignancy in a second group of 1350 children treated in recent 
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Life shortening . — Experimental studies chiefly on rodents have estab- 
lished the fact that exposure of animals to substantial doses of total body 
radiation causes a shortening of lifespan in the species used (41). When doses 
approach the acute lethal dose, up to 50 per cent reduction of life span is ob- 
served. With doses less than 200 r, it is difficult to demonstrate significant life 
shortening. In this range, the suggested upper limit of 1 to 1.5 per cent short- 
ening of total life span per 100 r compares favorably with the life-shortening 
of 11 per cent per 1000 r produced by protracted exposures. Much of this 
effect is due to what seems to be a hastening of the natural aging processes 
with the result that diseases noted primarily in older animals appear earlier in 
the life of the irradiated individuals (25). There is little species variation with 
regard to this effect, suggesting that it is non-specific in nature. In certain 
animal strains wdth a high incidence of leukemia or mammary carcinomas, 
radiation exposure hastens the time of appearance of these diseases. In these 
cases the effect appears to be linked to the genetic constitution of the animals 
(25). 

The only published attempts to study life-shortening in man after radia- 
tion exposure have dealt with radiologists. When corrected for the difference 
in age distribution of radiologists and other specialists, the most recent stud- 
ies in the United States and Great Britain do not disclose any evidence of 
life-shortening in physicians practicing radiology (26, 42). In an older study 
of the mortality of physicians In the years 193£^1942 (43), the mortality of 
radiologists was higher than that of other physicians but the difference was 
only of borderline significance because of small sample size. If expressed in 
terms of life expectation, the life-shortening in this study amounted to 1 to 3 
years, with leukemia deaths accounting for only one-quarter of the effect(2S). 

The absence of significant life-shortening of the relatively heavily exposed 
radiologists indicates that exposure of patients during medical radiography is 
not likely to present any serious danger to the general population in this 
respect. 

Fertility . — ^The gonads arc among the most radiosensitive tissues in the 
body. Exposure to as little as 5 to 25 r causes microscopic evidence of tissue 
damage (44). Unlike most radiobiologic phenomena, a greater effect on the 
germinal epithelium occurs when a given dose is protracted rather than de- 
livered in a brief period (45). Thus, in recent experiments on dogs, a single 
dose approximating the LDia was needed to cause almost complete temporary 
sterility and an LDies was needed to sterilize permanently. In contrast, ex- 
posure of dogs to 3 r per w’cek for a year (total dose 156 r) caused 80 per cent 
of exposed dogs to be sterile and 20 per cent to have reduced sperm counts 
(45). 

In man, a single dose of 150 r may produce temporary subfertility or 
sterility in many men and women, especially in cases of borderline fertility, 
w-hcrcas 500 to 800 rare required to produce permanent sterility (46). Limited 
experience with groups of persons exposed to substantial doses of radiation 
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A- ernosure in excess of that used in most diagnostic radiologic pro- 
Sd'ures. Re^tly, Stetrart, Webb & Herritt (38) reported a rettosi«me 
study of the history of in nfero exposure of children djnng of 

otherformsof caul This study^ascomparednaththatobtarn^^^^^^^^ 

„ol children selected from the birth registry. It was fo^d Jd 

many children with malignant disease had been iimiated rn “"f" “ ^ 
conmols (13.7 per cent versos 7.2 per cent). J«o delimtrve ^ 

the role of radiation in the development of mahgnancy in these cluWr 
could be reached from this study for two reasons. First, it is imp^n 
differentiate between the role of the procedure and the medical condition lor 
which the exposure was given in the development of leukemia. >’ 

other studies using different methods for selecting controls do not subsmn- 
tiate these obseirations (39). An unpublished prospectiN'e stu ^ . 

made in Great Britain of almost 40.000 Hve-born children hose mothcij haa 
abdominal radiographs during pregnancj' (40). The results of this stu > 
not disclose an excess number of cases of leukemia over that expecteo m 
group of children of this size and with this age distribution. Other studits 
now under way should soon answer the question as to whether or not snia 
doses of x-ray of the magnitude used in diagnostic radiology are leukemo- 


genic for the human fetus. -j », t 

In summarizing the available information for man, it may be^ wid t a 
there is no question about the {eukemogenic action of radiation in pcrwns 
recrinng more than 100 r to a large portion of their bodies. The abso ute 
number of cases of leukemia in which radiation may have played a ro e is 
small, only 226 cases Oncluding the Japanese) having been published to date 
in the literature (37). In the range of 100 r (or its equi\'aleni) and above, t e 
leukemogenic effect increases with increasing doses. In this range, the ns ' 
of developing leukemia in the exposed population is appro'dmately one W 
two cases per roentgen per year following exposure per one million exposca 
people. There is no information to indicate whether or not doses below 100 r 


are leukemogenic. 

It also seems likely that children are more sensiti\'e to the leukemogenic 
action of radiation than adults. Under certain conditions of exposure, the 
th>Toid of children may be more sensitiw to the carcinogenic action of radia- 
tion than are the blood-forming tissues. This is in marked contrast to t e 


adult thjToid w hich appears to be very radiation-resistan t. 

One may conclude that the risk of developing malignant disease from the 
usual medical radiographic procedures is very slight if, indeed, there is a ns ' 
Perhaps an exception to this is repeated fluoroscopic examination of babies 
which can cause substantial exposures of a large part of the body. X-ra> 
treatment of benign conditions in children increases the risk of desTloping 
th>Toid cancer and probably Icukeima. Even here the risk to the indiridual 
is small in ab*olute terms but becomes important when large groups are so 
treated. 
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reproductive age should be confined if possible to within two weeks after 
menses. Doses of x»rays of the magnitude delivered during a fluoroscopic 
examination have been shown to produce developmental abnormalities in 
animals. 

Other som;itic effects of radiation such as shortening of life span or de- 
creased fertility do not appear to present a serious problem to the population 
as a result of medical procedures. 
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aoDroachine the lethal dote did not indicate a serious permanent effect cm 
Sty m. Also, tno large-scale sumeys of offspnng ^ «d.olog,sU 
pre-rioLy mentioned (13. 14) did not indicate a ^crease tn fertl.W- 

These studies are reassuring teith respect to the possible effect on fecUb V 
of radiation from medical radiologic practice. Despite the apparent unaUerrf 
ferdlits- of radiologists, the studies in dogs showing the surpnsing effKt 
small protracted doses of radiation would seem to call for caubon on the part 
of people occupationally exposed tox-raj-s over a long penod of time. 


Summary and Conclusions 

As the radiation exposure of the world’s population increases, adition^ 
exposure for medical purposes can pose a distinct threat to the hea ao 
well-being of mankind. As one of the known mutagenic agents in our envnron- 
ment, there is every reason to believe that even the small doses of ra 
used in diagnostic radiology will contribute mutant genes to the gene poo 
of the total population. Since all mutations are deleterious to some degree 
and since those occurring spootaneouslj' contribute substantially to the ur 
den of disease in sodety, itis Important to minimize gonadal exposure dunng 
the reproductive life of man. It has been recommended that the average 
gonadal dose of everj'one in our population should never exceed 5 to 10 r 
during the Brst 30 years of life. Medical exposure can be decreased by avoid- 
ing unnecessary radiographic procedures, by use of good radiologic techmque» 
and by shielding the gonads when necessar>'. Because the risk to each tndi- 
vidual and his offspring is small, no patient with a potentially serious disease 
should be denied the benefits of radiographic procedures on the basis o 
possible genetic damage. 

Although radiation exposure is knon-n to be leuteraogenic and carano- 
genic, medical exposures do not seem to present a serious hazard to the popu- 
lation unless grossly overused. (A possible exception is found in the case o 
diildren exposed to radiation prenatally.) Exposure of the entire body or a 
large part thereof to doses in excess of 100 r increases the inddence of leu* 
kemia. Exposure of the neck and chest of children to doses of this magnitude 
is also associated with thyroid neoplada. Exposures of this magnitude are 
unusual in diagnostic radiology except perhaps during repeated fluoroscopic 
examination, espedaliy of children. Such doses are often employed in the 
therapy of benign conditions. Even with exposures of a large part of the body 
to doses exceeding 100 r, the risk of developing leukemia is small (of the 
order of one to two per irullion per roentgen per person per year after exp^ 
sure). An excess in the number of cases of leukemia becomes eddent on y 
when large groups are so exposed. There is no eddenc* in man to indicate 


whether or not doses below 100 rare leukemogenic. 

Since the developing embryo and fetus is exceedingly sensitive, care 
be used in avoiding abdominal exposure of pregnant mothers- Since the 
of greatest sensitivity occurs when pregnancy may be unsuspected (2 to 
weeks), fluoroscopic procedures mvoldng the abdomen of women in the 



NEOPLASTIC DISEASE: TUMOR METABOLISM''^ 

Bv Harris Busch, M.D., Ph.D.,* and Joseph R. Davis, M.D/ 

Departments of Pharmacology and Biochemistry, Baylor University College of 
Medicine, Houston, Texas 

“What’s past is prologue"® 

The biochemical approach to cancer chemotherapy is based upon the 
recognition of the fact that cellular reproduction is essentially a biosynthetic 
process and that, in some way, the biosynthetic activities of neoplastic cells 
are different from those of non-tumor cells. There is an enormous hiatus be- 
tween the cytological description of cel! structure and function and the 
laborious endeavors of biochemists to define the fundamental mechanisms 
involved in functions of cells and their substructures. If it can be postulated 
that the function of the cancer cell is growth, abnormal growth to be sure, 
the necessity of intensive study of all related biosynthetic reactions becomes 
clear. It is not now possible to postulate whether the chief difference between 
cancer cells and other cells lies in biosynthesis of proteins, carbohydrates, 
lipids, nucleic acids, or any other cellular entity such as the nuclear or cellular 
membranes. The present clues to the solution of the cancer problem lie in the 
demonstrated histological characteristics of cancer cells, i.e., the more inten- 
sive staining of the nucleus and the multiplicity of division of individual can- 
cer cells. It is because these clues suggest that the primary defect in the neo- 
plastic cell is in the cell nucleus that biochemical studies in recent years have 
tended more and more to emphasize the biosynthetic activities of the nu- 
cleus and the role of nuclear materials in transmission of genetic changes. The 
most challenging problems in cancer chemotherapy at present are the defini- 
tion and exploitation of the differences in nuclear constituents and function 
of neoplastic cells and other cells. 

The object of this review will be to present the highlights of progress in 
the biochemical understanding of these areas. Needless to state, the limita- 
tions of space are such that many important contributions will be omitted, 
but it is hoped that references to pertinent reviews will compensate in part 
for the omissions. In addition, some of the salient advances in special areas 
of the biochemistry of the cancer cell will be indicated. 

'The survey of the literature pertaining to this review concluded in July, 
1560, 

* The following abbreviations will be used: DNA (deotyriboniiclelc arid); RNA 
(ribotnicleic arid). 

* Tlie original studies reported in this reww were supported m part by grants 
from the United States Public Health SerN-icc. Tlie American Cancer Society, and 
the Jane Coffin Quids Fund, 

* Post-doctoral Fellow of The American Cancer Society. 
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tissues must await methods for separation, without accompanying degradation, of the 
population of nucleic acids present in such tbsues plus methods for the determination 
of nucleotide sequences. 

Pictures of chromosomes (13) reveal the very remarkable intermingling 
of protein and nucleic acids in those structures. It hardly seems likely that 
the DNA molecules along this type of chain are the same, much less the 
types of DNA from chromosome to chromosome. Fractionation of DNA has 
been attempted with some success by Bendich et al. (14) by means of substi- 
tuted cellulose columns (Epichlorohydrintriethanolamine cellulose). Recent 
studies have tended to cast some doubt on the state of the original prepara- 
tions from which the chromatograms were derived (IS), Studies on base 
composition of the products have not indicated remarkable differences in the 
eluted fractions (10, 11, 12). Despite objections, this method is thus far the 
only one which has shown significant promise in the fractionation of the 
nucleic acids. 

At the present time, no significant chemical differences have been estab- 
lished between the nucleic acids of neoplastic and other tissues. Petrakis et al. 
(16) have indicated that the Sternberg-Reed cells of Hodgkin’s disease have 
an increased content of DNA over the diploid level as measured by Fculgen 
cytophotometry. Other studies indicating high levels of DNA in the nuclei 
of neoplastic cells have been reported by Giordano et ol. (17) and by Scarloto 
& Muller (18). 

Sequence analysis of the midetc acids. — There must be a wide variety of 
linkages in nucleic acids since the ’’nearest neighbor” technique has shown 
the presence in nucleic acids of every type of predictable nucleotide-to* 
nucleotide linkage (19). Some success has been obtained in the endeavor to 
develop methods for sequence analysis by a variety of systems (20, 21). 
However, such analytical methods are valid only when the starting material 
is pure. For such studies, the purest starting materials at present may be 
obtained from viral sources, but a great need in the biochemistry of tumors is 
for \Vic development oi methods lor fractionation ol the chromosomes, sepa- 
ration of the component DNA molecules, and study of their structure. 

Synthesis oj DNA. — Special mechanisms for the biosynthesis of nucleic 
acid (22) have not been found in tumors. Smith et al. (23), have reported 
that DNA synthesis in Hcia cells occurred during interphase in two time 
periods, one shortly before and another shortly after the process of celt divi- 
sion. Several groups have reported the “superaddItive” incorporation of the 
dcoxynuclcotides of thymine, adenine, cj'tosinc, and guanine into DNA by 
soluble enzyme systems found in lymphoblasts obtained from mice and in 
extracts of mouse ascites tumors. "Primer" DNA was required for this syn- 
thesis as well as Mg^ and ATP. Smcllic et al. (24) have indicated that bio- 
synthesis of DNA in tumor extracts proceeded at a rate suflicicnt to double 
the DNA content of the system in approximately 5 to 6 hr. Extracts of 
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ISOLATIOM OF NUCLEI 

In studies on nuclear metabolism, °^*hod of Chauveau, 

mental necessity. Recent developmen nuclei from the liver 

Moul6 & Rouilller (1). who in a tace field of 4O,000Xg. Modifi- 

through a dense sucrose soluuon ( . ^ „„rn,:tted isolation of nuclei from 
cation of their method in this laboratory f^f^t by volume and 
neoplastic cells in which the punty o e " nucld (2) Wth this method 

88 to 99 per cent by diflerenUal count of KoWed "“dm (2). « t 
nuclei in highly pure form have been "Stained from the ft alker ^ 

Jobling and the Jensen tumor of the ra^ metlod™or prepara- 

human malignant melanoma. Increasing y ^ s nssibilitv of purification 

tion of nudei of neoplastic cells have pointed up J^ar Lmbranes, 

of nuclear components, such as nudeoli, chromosomes, nude 
centrosomes, and other nuclear fractions. 

Structure of Deoxyribosccleoproteik 
The structure of the deoxyribonucleoprotcin complex has been 
gated mainly by physical methods. Zubay & Doty (3) have foun 
lar weight of the complex obtained from calf thymus to be ISJ j-oxv- 
the molecular v, eight, approximately 8 million is contnbuted y 
ribonucleic acid; the other 10.5 million is contributed by . -gg. 

suggested that the protein is evenly distributed along the DN A c ' ^ 
sibly in the “deep groove” of the nucleic add. The nuclear protein 
(m.w. 30,000), may either add to the genetic potentialities of the 
or suppress specific genetic potentialities. There is good agreemen ^ 

the structure of DNA is a double-stranded a-helix in the nuc ei o 
spedes (5, 6). The x-ray diffraction pictures of the DNA have ° 
be essentially the same when the DNA was obtained from ® 

logical, and animal sources as well as from tumors. However, Jures 

phage (0X-174) has only a single strand (7). Electron microscopic proce 
(8) have shown that depending upon the salt concentration, DN as e 
a linear or a globular structure. . .'on of 

Another method for characterizing nucleic adds is the _ - 

the base content. Recently (9 to 12), RNA and DNA were iso ate ^ 

\'ariety of tissues of chicken and mouse and were analyzed for t 
content. Significant differences were not found in base composition e 
the respective nudeic adds of the normal and neoplastic tissues, ow » 
Kleinschmidt (9) states: 

U the nudeic adds play their role as prototypes, templates and earners 
infonnation, then of necessity they must somehow differ. It is reasona e . 
that the differences lie in the sequential arrangement of the purine and p>^ y-jeJe 
nucleotides along the nudeic a^ diain. Eluddation of the differences o n 
adds to explain such biological diifexenccs as are exhibited by normal an neop 
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the cells, the content of thymidylate synthetase and deoxycytidylate hy- 
droxymethylase increased markedly. When the virus did not contain hy* 
droxymethylcytosine, only the content of the thymidylate synthetase was 
found to increase. The virus would appear to contain the templates or pre* 
templates for the biosynthesis of these special enzymes. Many of the enzyme 
potentialities of cells would then be inherent in the DNA and the other 
chromosomal components, and these may be reflected in the development of 
specific proteins and enzymes which define the characteristics of the individ- 
ual and of the species. 

Biosynthesis of the precursors of DNA . — Many studies have been carried 
out on formation and catabolism of the precursors of DNA including the 
purine bases, adenine and guanine and the pyrimidine bases, thymine and 
cytosine, as well as the sugar moiety, deoxyribose. There is no evidence that 
the biosynthetic pathways differ in neoplastic cells as compared with other 
cells (33, 34), providing that the conditions employed provide adequate 
precursors and proper sources of energy for the reactions. Despite the fact 
that significant differences between tumors and other tissues in these reac- 
tions have not been demonstrated, the formation of the purines and pyrimi- 
dines have been the chief recent target of antineoplastjc agents developed. 
The goal of analogue therapy has been either to block the formation of 
nucleic acids in neoplastic tissues by preventing nucleotide formation, or by 
direct incorporation of the abnormal base Into the nucleic acid to interfere 
with the function of the nucleic adds. In general, these attempts have met 
with only very limited success since it is apparent that the attack is not 
directed against specific metabolic characteristics of tumors. The hope in 
development of agents such as 5-fluorouraci! was that neoplastic cells might 
have a more rapid uptake of the antitumor agent since the uptake of uracil- 
2-0* into tumors was found to be greater than uptake into other tissues (35, 
36). Unfortunately, the rate of uptake of S-fiuorouradl by human tumors 
docs not seem to be svfUcientiy greater than that of other tissues to cnabfe 
S-lluorouradl to be a selectively toxic agent for human neoplasms. 

Control of DNA biosynthesis . — Metabolic controls may be extracellular, 
such as hormones, may, on the surface of the cell, be related to permeability, 
or may be intracellular controls. Examples of the latter are "feedback con- 
trols” of purine and pyrimidine metabolism. Yates & Pardee (37) have re- 
ported that the concentration of uracil controlled the formation of enzymes 
required for the biosynthesis of orotic add, a precursor of uradl. This type 
of "feed-back” suppression of biosynthesis is related to the presence of an 
end product in a concentration suffident to suppress enzyme formation. 
Another "feed-back control” is that in which the activity of an enzyme in- 
volved in a biosynthetic chain is suppressed by an end product. Reverse 
competitive inhibition has been demonstrated for a number of steps in the 
biosynthetic pathw-ays by formed products. One of the more well-defined 
initial reactions of purine nudeotidc biosynthesis is the formation of phos- 
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dependent upon the parUcular pnmer used. The “P'" „ e and 

replication of DNA was possible by means of the polymerase > 

the soluble constituents added to the system. „,a,lcin modern cancer 

DNA contenl oj special chromosomes.— On& oi the needs 
biology and biochemistry is to determine developed 

complex chromosomal structures. Hsu and others (26. 27 2S) 
methods tor the study ol chromosomes by arrest of cell d 
spreading ol the chromatids by means of hy,mtonic . „some 

findings have been made n'hich indicate extensive changes in „( 

patterns of neoplastic cells as compared nith others. A “ "’™“ ,he 

these changes has rot yet been found, i.e., some of the thromos 
neoplastic cells are larger than those ot the "'’"‘‘u""’^ 
smaller, still others are distorted. It would beot interest to determin 
one or more of these chromosomes Is the same as or different . gj^p. 

spending chromosomes of non-tumor tissues. As indicated ove, 

ment of methods for the isolation of chromosomes is an important 
modern cancer research. , . „_tains 

Function of DNA.— The first clear-cut evidence that S ^ jg. 

either the templates for enzyme synthesis or the initiating ° 
velopment of such templates, has emerged from studies made by 
(29 to 32). They determined the enzyme content of bacteria be ore a 
infection with bacteriophages containing DNA as their chie 
Some of these bacteriophages contained a specific nucleob e,^ ..mipotide 
methyldeoxycytidylic add. The enzyme for the formation of 
from deoxyc^’tidylic add, i.e., dcoxycytidylate hydroxymethy ase, ^ 
found in the uninfected bacteria or in the bacteriophage, but in t e ‘ 
cells. Since the virus did not contain any deoxycytidylic jpg. 

formation in the cell must have been induced by the virus. W ea , 
requiring bacterial mutants were studied, their content of t ^ . .y. 

synthetase, which catalyzes formation of thymidine, was found to . ^ 
ally undetectable. Depending upon the type of bacteriophage use 
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is soluble in aqueous phenol but not soluble in water (RNA-R). In neoplastic 
tissues studied, there was a very low concentration of the RNA-R, i.e., 5 to 
10 per cent of the extractable RNA. In non-tumor tissues such as liver, the 
concentration was higher, IS per cent or more of the extractable RNA. The 
turnover of the RNA-P was higher than that of the RNA-R as measured 
by the uptake of and this accounted in part for the greater overall turn- 
over of the RNA of the tumor. A partial explanation of the relatively high 
guanylic add content of the RNA of tumors (SS, 56) was that the guanylic 
acid content of RNA-P was high while that of RNA-R was low. This high 
level of guanylic acid in RNA has not been a universal finding since KJein- 
schmidt (9) reported that the base composition and the base ratios were not 
markedly different in the Rous sarcoma and the mouse ascites tumor from 
the values obtained in the non-tumor tissues studied. 

Nucleolar RNA . — The nuclear RNA, of which a very large portion is in 
the nucleolus, accounts for much of the cellular RNA in all tissues and even 
more in tumors (57). Indeed, Caspersson & Santesson (57) have stated that 
increase in nucleolar mass is a practically constant feature of malignant 
disease. More recent evidence for differences in the size of the nucleoli of 
neoplastic cells and other cells has been obtained by Stenram (58). In a 
statistical analysis of the volume of nucleoli of livers and hepatomas of rats 
fed diets rich or poor in protein, Stenram noted that in the tumor the nu- 
cleolar volume was approximately 3.8 ft*. The nucleoli of the normal liver 
of the animal fed a 25 per cent casein diet was 1.8 ft*\ this volume was in- 
creased to 3.3 ft* on a non-protein diet. The nucleolar volume of the tumor 
and of other tissues did not change in response to the diet. Evidence for the 
complex distribution of the RNA in the nucleus has been provided by Love & 
Liles (59) who reported RNA in the nucleolus, parachromatin, chromosomes, 
and perichromosomal regions. Further cWdence for the complexity of the 
nucleolar structure has provoked the suggestion that the nucleolus may have 
an outer core of metabolically active RNA and an inner core that is meta- 
boUcally more inert (60). The primary' sources of evidence regarding the nu- 
cleolus have been microscopic studies or studies on non-mammalian species. 
Such studies have led to much speculation about the role of the nucleolus as a 
possible genetic locus, a site of RNA synthesis, a site at which RNA synthe- 
sized on different genes tends to agglomerate (60), or a site of biosynthesis of 
nuclear or other proteins (61). 

Meloholism of RNA . — Significant differences between tumors and other 
tissues have been reported in studies on the incorporation of labeled uracil 
into RNA (35, 36, 62). Although such studies have suggested that tumors 
utilize nucleic add precursors in vivo to a greater extent than other non- 
growing non-tumor tissues, the uptake of the precursor into intestinal RNA 
exceeded that of the tumor (nVe infra). As indicated by a number of authors 
(sec above), there is no other cridcncc for a difference in either the form.ition 
Or udlization of the bases which arefound in either DNA or RNA of tumors. 
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to purify the templates responsible lor these syntheses by active 

attached lipids have led to the isolation from roicrosomes ot ve^ 
particles rich in ribonucleic acids which have been named 

’ s-RW^.— Protein formation is a multistage process of 
step would seem to be linking of “activated” amino acids on e ^ -j ^re 
microsomal ribonudeoproteins. Berg (47) has shown 

initially coupled in anhydride linkage to adenylic acids to ^ ansferred 

adenylates. From these “activated” structures, the amino aad is tr 

to a low molecular weight RNA of the cytoplasmic sap, i.e., ^ ® ® -q to 

Brachet (48) and Siriin (49) have indicated that ° "o to 60 000 

120 nucleotide residues and hence has a molecular weight of 20, 

while the microsomal RNA contains approximately 5000 

a molecular weight of approximately 2,000,000, Recently o^ tame ^ 

(50, 51) suggests that the amino acid transferring RNA is 

number of molecular species of which one is specific ^ as 

Similar specificity may exist for the microsomal RNA and t ere 

many types of RNA in the cell as there are proteins. Studies on the . 

tion of the microsomal RNA are in progress (52) but have not ye 

even the state of definition now exisUng for the s-RN A. u'M v f53)» 

RiVyl of neoplastic Using the method devised /^rLyble 

Sibitani el al. (54) have found two types of RNA in cells, o"* * that 

in aqueous phenol and then extractable into water (RNA-P) nn 
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Nuclear Proteins 

Recent reports (61, 71, 72, 73) have indicated a rapid rate of biosynthesis 
of nuclear proteins in neoplastic tissues. Comparative studies on a variety of 
neoplastic tissues, growing non-tumor tissues and non-growing, non-tumor 
tissues have suggested that the nuclear proteins biosynthesized in the neo- 
plastic cells may be different entities from those synthesized in other tissues 
(61). These findings have been made possible by the use of radioactive 
techniques and by the rapid development of refined methods for the isolation 
and purification of nuclear proteins (74, 75) which have been based upon 
techniques for fractionation of other proteins (76). 

The isolation, identification, and determination of function of the nu- 
clear proteins of neoplastic cells are part of the general problem related to 
corresponding studies on these proteins in non-tumor cells (77). Perhaps 
the greatest need confronting biochemists working in this area is the isolation 
of these proteins in highly purified form. The first problem of initially iso- 
lating nuclei in a highly purified form has now been largely solved (1, 2). 
The studies of Butler’s group (78, 79) have established the importance of 
adequate use of modern methods for characterization of the nuclear proteins, 
such as sedimentation behavior, solubility, amino acid content, and end- 
group analysis (80, 81). 

Number of nuclear proteins . — Early reports established the presence of 
a minimum of at least two groups of nuclear proteins, based upon solubility 
or lack of it in dilute mineral acid. The acid-soluble proteins, or histones, 
were also found to contain at least two fractions (77). End-group analysis 
(82) suggested the presence of 5 to 12 different histones. Studies employing 
starch gel electrophoresis (83, 84), indicated that 16 to 22 distinct zones were 
present in samples of nuclear proteins. By chromatography, acid-soluble nu- 
clear proteins (85, 86) from calf thymus have been separated into three to six 
protein groups. Recent studies on the chromatography of nuclear proteins 
have comfiineef determfnatibn of tfie dVstnButibn of radVoacti'vily ih nuclear 
proteins following injection of labeled amino acids into animals, and deter- 
mination of the distribution of the protein (61). The Walker and Jensen 
transplantable rat tumors were found to contain at least eight protein frac- 
tions in the acid extracts of purified nuclear preparations while other tissues 
contained 6 to 10 fractions in similar extracts. 
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be attributable to the inability of the tumor to activate the fluoroura / 

conversion of the drug to the active nucleotide. If the nucleotide 

formed, there would be no inhibition of the reactions leading tot e o 

of thymine and hence DNA formation would not be inhibited. ^ ^ 

Davidson (68) has demonstrated that the development of r 

mercaptopurine in a subline of L1210 leukemia was accompaniw > ^ 5 .MP 
utilization of hypoxanthine. There was ver>' limited convereion ° . 

or hypoxanthine to ribotides. Da\'idson reasoned that the lack of u i 
of hypoxanthine resulted from a competition between 6-MP and^ jpo 
thine, with the result that insuffident 6-MP ribotide is formed to in u 
critical block for purine ribotide formation. The possibility that ^ 

tion of other ribotides might suppress the action of 6-MP 
Hakala & Nichol (69). who found that the free base or the 
ribotides of adenine and hypoxanthine prevented the inhibitory ^ ® 

6-MP on the growth of Hela cells. There is much le^ known about tne 
slstance of tumors to amethopterin (70). Permeability jn- 
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vestigators are becoming aware of the enormous practical importance o 
subject of the biochemical mechanisms underlying the mutability o t e n 
plastic cells. If this problem could be soU'ed, there is little doubt thatcxis 
antitumor agents could be far more effective in therapy. 
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Nuclear Proteins 

Recent reports (61, 71, 72, 73) have indicated a rapid rate of biosynthesis 
of nuclear proteins in neoplastic tissues. Comparative studies on a variety of 
neoplastic tissues, growing non^tumor tissues and non-growing, non-tumor 
tissues have suggested that the nuclear proteins biosynthesized in the neo- 
plastic cells may be different entities from those synthesized in other tissues 
(61). These findings have been made possible by the use of radioactive 
techniques and by the rapid development of refined methods for the isolation 
and purification of nuclear proteins (74, 75) which have been based upon 
techniques for fractionation of other proteins (76). 

The isolation, identification, and determination of function of the nu- 
clear proteins of neoplastic cells are part of the general problem related to 
corresponding studies on these proteins in non-tumor cells (77). Perhaps 
the greatest need confronting biochemists working in this area is the isolation 
of these proteins in highly purified form. The first problem of initially iso- 
lating nuclei in a highly purified form has now been largely solv’ed (1, 2). 
The studies of Butler's group (78, 79) have established the importance of 
adequate use of modern methods for characterization of the nuclear proteins, 
such as sedimentation behavior, solubility, amino acid content, and end- 
group analysis (80, 81), 

Nf/mhcr oj nuclear proteins . — Early reports established the presence of 
a minimum of at least two groups of nuclear proteins, based upon solubility 
or lack of it in dilute mineral add. The add-soluble proteins, or histones, 
were also found to contain at least two fractions (77). End-group analysis 
(82) suggested the presence of 5 to 12 different histones. Studies employing 
starch gcl electrophoresis (83, 84), indicated that 16 to 22 distinct zones were 
present in samples of nuclear proteins. By chromatography, add-soluble nu- 
clear proteins (85, 86) from calf thymus have been separated into three to six 
protein groups. Recent studies on the chromatography of nuclear proteins 
have combined determination of the distribution of radioactivity in nuclear 
proteins following injection of labeled amino adds into animals, and deter- 
mination of the distribution of the protein (61). The Walker and Jensen 
transplantable rat tumors were found to contain at least eight protein frac- 
tions in the acid extracts of purified nuclear preparations while other tissues 
contained 6 to 10 fractions in similar extracts, 

RPZ‘L. One of these fractions, coded as RP2-L (radioactive peak 2, with 
L-Iysinc-U-O* as the precursor) has thus far been found in the Walker, 
Flexncr-JobUng and Jenson tumors of the rat, the Morris hepatoma of the 
rat, the Ehrlich asdtes tumor, sarcoma 180 of the mouse, and a human ma- 
lignant melanoma. This peak has not been found in any of the non-tumor 
tissues studied, whether they were growing tissues such as regenerating liv’cr 
or ombrj'onic tissues, or non-growing tissues induding spleen, thymus, and 
small intestine (61). Efforts are presently in progress to characterize the 
proteins in this radioactive peak and a product has now been obtained which 
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lytic rates of tumors have been related to blood supply (93), environmental 
conditions affecting metabolism of neoplastic cells (94), and the evidence for 
similarities in glycolytic pathways of neoplastic and other tissues (95, 96). As 
indicated by Henderson & LePage (92), there does not seem to be particular 
differentiation between tumors and other tissues with regard to the vitamins, 
if consideration is taken of the similarities of biochemical reactions in tumors 
and other tissues for which the vitamins arc required. The metabolism of 
lipids in tumors has not been found to be different from that of other tissues 
(97), although for a number of tumors in vivo activation of acetate and fluoro* 
acetate was quite limited (98, 99, 100). A variety of tumors have been found 
to exhibit differences in regard toratesof lipogenesis (101, 102). 

Amino acids . — ^As indicated by Greenstein (103), there are many enzymes 
of amino arid metabolism which are present in low concentration in neoplastic 
~ cells. Auerbach & Waisman (104) have studied the concentration of a num- 
ber of enzymes involved in catabolism of amino acids in the Novikoff hepa- 
toma and have not been able to demonstrate the presence of tr>’ptophan 
peroxidase-oxidase, tyrosine transaminase, phenylalanine bydro-vylase, 
threonine dehydrase, serine dehydrase, cysteine desulfhydrase, histidase and 
/>-hydroxyphenylpyf u vie oxidase. The absence of these enzymes is part of the 
evidence which indicates that neoplastic tissues tend to streamline to syn- 
thetic reactions rather than degradative reactions. Interestingly, Auerbach 
Sc Waisman (104) found a fourfold increase in the concentration of aspartic 
transcarbamylase in the tumor as compared with the concentration in adja> 
cent liver. Since this reaction is on the pathway of pyrimidine synthesis, it 
may represent a specialization in the same direction as indicated above. A 
number of tumor cell lines in tissue culture markedly reduce the glutamine 
content of synthetic media (105). Further interest in the metabolism of 
asparagine in cell lines has emerged from the findings of McCoy et al. (106) 
that parent cells of Jensen cell lines required asparagine for growth, but 
the variant strains grew readily in the absence of exogenous asparagine. 
Christensen el al. (1D7, 108) have suggested that concentration of amino 
acids by neoplastic tissues exceeds that of other tissues but the mechanisms 
involved have not been fully defined. 

The remarkable ability of tumors to compete successfully for amino 
acids with the other tissues of the host was exemplified by evidence for rapid 
growth of neoplasms in animals fed on protein-free diets (109), as well as 
from studies indicating that carcass nitrogen was used to supply nitrogen 
to the tumors (110). Evidence that the pathway leading to protein synthesis 
was not readily reversible in tumors as compared with other tissues, w.is 
found in the studies of LePage et al. (Ill) who noted continued rapid growth 
and uptake of labeled amino arid in tumors while other tissues of the animals 
bearing tumors suffered marked losses of weight and of protein. 

t/li7izal!on of plasma proletns . — Although decreased loss of cellular pro- 
teins by catabolism of proteins in tumors could explain the findings of LePage 
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Functions of the nuclear proteins . — Much of our present knowledge ° 
characteristics of histones or the add-soluble nuclear proteins rwu^ vvsi- 
their ready solubility in a variety of media which permit study of their p > ^ 
cal characteristics as well as attempts at their fractionation. However, re 
studies (91) have indicated that an important site of attack of mustar ® ® 
other antitumor agents is on the systems involved in the formation o ^ 
add-insoluble nudear proteins. In an effort to develop a systematic 
to the study of these proteins, their solubility and chromatographic 
on dlethylaminoethanol cellulose columns was investigated. Present eM ^ 
suggests that these proteins, like the add-soIuble nudear proteins, 
complex mixture of different entities. A variety of concepts have 
posed for their function (77), induding the possibilities that th®y may a^ 
to the nucleic adds in such a way as to suppress genetic activities, t 
may form some sort of combination which enhances the number o 
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which the nucleic adds may be joined in the chromosomal sequences. ^ 
of these ideas is sufficiently supported by data to permit an adequate opm 
as to its validity. 


Nutrition or Tumors 

Carbohydrates and lipids , — ^The subject of nutrition of neoplastic «l 
has recently been most excellently redewed by Henderson & LePage t ■ 
Interest in carbohydrate metabolism of tumors has decreased since the g y 
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from this laboratory on the fate of radioactive glucose in tumor-bearing rats 
(127) have demonstrated that in both tumor and non-tumor tissue there was 
a rapid transfer of the isotope of the radioactive glucose to lactate. The rate 
at which labeled lactate was formed was greater in brain, heart, and kidney 
than in the tumor. These findings render unlikely the possibility that a 
glycolytic inhibitor would be specific for individual reactions of the tumor 
without interference with other tissues (128, 12P). 

Special Substances 

Some of the special proteins synthesized by neoplastic tissues have re- 
ceived attention in recent investigations. Putnam el al. (130) found that 
different proteins of the Bence Jones group contain different N-terminal 
amino acids, including leucine, aspartic acid, glutamic acid, or mixtures of 
aspartic and glutamic acids. Further studies on the terminal amino acids 
of Bence Jones proteins with aspartic acid as the N-terminal amino adds 
have been made by Caputo (131). Evidence was obtained that the C-terminal 
side of the molecule consisted of the sequence leu-ala-glu-val from studies 
on amino acid liberation with carboxypeptidase. 

The antigens of neoplastic tissues have been extensively investigated 
(132) and Zilber (133) suggested that neoplastic tissues contain antigens 
which arc not present in non-tumor dssues. This fundamental finding, If 
substantiated, may be related to the presence of nuclear proteins in neo- 
plastic cells which are not found in other tissues (133). Conflicting reports 
with regard to this point of dew (134, J35) have emerged from studies on 
human and animal tumors. 

Mitcoproleins . — Fukuda (136) attempted to isolate cancer-specific anti- 
gens from the urine of cancer patients and reported that urine from cancer 
patients contained small quantities of cancer-specific components, as deter- 
mined by in vilrc ring precipitin tests, Ouchterlony gel-diffusion, and by 
immunoelectrophoretic procedures. The responsible components were found 
to be urinary mucoproteins. Wada et al. (137) suggested that physiologically 
mucop’rotcins are formed by liver, but in patients with neoplastic disease 
the tumors were the source of the increased mucoprotcin which is found in 
the blood. Evidence for the production of cxtcss mucoproteins by the Rous 
sarcoma was obtained by comparison of arterial and venous levels of muco- 
proteins (138). The close assodation between to.vohormone activity and the 
mucoproteins of urine and scrum of patients with cancer was indicated by the 
studies of Takahashi (139), who suggested that the toxic substance might he 
Hberaied from neoplastic tissues in combination with serum mucoproteins. 
Winzier et al. reported increased concentrations of mucoproteins in plasma 
of patients with neoplastic disease and suggested that these proteins were 
or-1 globulins (140). 

Toxohormottc.—^Thc liver catalase activity of tumor-bearing rats was re- 
ported long ago to be one-tenth that of liversof norm.il rats (103). Injection 



j the actual uptake of radioactive amino acids by neoplastic c 

tsb^euLult^beJiurirubycompan^^^^^^^^^^^ 

113). A number of studies have notv mdrated that the upta 

plasma proteins by neoplastic cells exce s a o protein pri- 

Studies from this laboratory ’’“7 TI^v n^n LtictlW^ 

marlly involved in the selective uptake by UMplastic cel P j 

The isotope from radioactive albumin "f to other tissues 
Walker tumor at rates several-fold that of the mcorpo 

the most notable differences between the uptake of the isotope of labeW 
albumin and that of the free amino acids are in the 

cellular distribution of the isotope. The isotope of , ,^,„ic 

more concentrated in the nuclear proteins and the proteins ^ ^ , 

sap of neoplastic cells. The specific acUvity of the nuclear 
to or greater than that of cytoplasmic proteins, ^ „acer 

mitochondria, when labeled leucine or lysine was employed “ t 
amino acid. When albumin, prelabeled with radioactive leucine 
employed as a tracer, the specific activity of the proteins of the cytop 
sap was twice that of the proteins of other cytoplasmic fractions. . 

chondrial proteins, in turn, were more radioactive than the nuclear p • 

It would hardly seem possible that the albumin was degraded to 
amino acids before it was taken up by the tumor, although the 
of its partial hydrolysis to peptides has not been ruled out ® m to be 

under study. The explanation for the results with albumin ^^unt 

best related at this point to pinocytosis (1 18). Pinocytosis may a so ac 
for recently reported evidence for penetration of neoplastic cells ^ ^ 

large molecules as DNA. Selective poisoning of pinocytosis as ® 
pathway might diminish the growth potential of neoplastic ce s vn 
seriously affecting the growth potential of other cells which rely on a m 
conventional diffusion mechanism for nutrition. , . . 

Glycolysis . — More than thirty years ago, Warburg (119) reporte 
tumors exhibited high rates of both anaerobic and aerobic glycol> sis tn 
These findings were interpreted by him (120) as being a characteristic 
chemical lesion of neoplasia which resulted from damaged 
tumor cells. Exceptions to this theory were soon found in that many 
in addition to tumors, have been reported to have high rates o ae 
glycolysis intilro (121). Differences hax-e not been found between 
non-tumor tissues with regard to content of enzymes of the citric aa 
(122, 123. 124). Isotope data from this laboratory- have indlcat^ suc- 
Krehs cycle in tumors in vivo functions to convert glutamate (125) ® , 

cinate (126) to lactate. The in vivo inactiN-ity of tumors in the oxi 
acetate-l-D« (99, 100), and in formation of citrate in the fluoroacet 
treated animal (98), may be explained on the basis of the low oxygen ^ 

reduced intratumor pH, and lack of essential substrates (94). Recen 
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cause of toxic effects, there was a suppression of marrow function. With 
the growth of information on such important factors for marrow function as 
erythropoietin, it is hoped that some of the special effects of neoplastic cells 
will be more clearly worked out. 

Carcinogenesis 

Excellent reviews on the pr^ent state of information on biochemical 
mechanisms of induction of neoplastic disease have recently appeared (150, 
151). In addition, there have been many recent reports on the role of viruses 
in the induction of human neoplasia (152, 153). Although thousandso/agents 
have been shown to have the capacity to induce neoplastic disease (154), 
thus far, there is a paucity of information on the intimate mechanisms in- 
volved. A most challenging observation made by Miller & Miller was that a 
number of azo dyes combined with the proteins of the liver (151). Heidel- 
berger (155) has provided e\ndence that the binding of the carcinogens to 
proteins is primarily by covalent bonds. Thus far, the particular proteins 
affected by the carcinogenic agents have not been well defined. Since the 
carcinogens have not yet been shown to interact with nucleic acids which are 
generally believed to be the genetic transmitting agents, the relationship 
between protein binding and a genetically transmitted characteristic such 
as neoplasia needs to be defined. Since the most extensively investigated 
mechanisms of carcinogenesis are those ha\'ing to do with chemical carcino* 
gens, it follows that the mechanism of action of other carcinogens will need 
extensive study before definitive conclusions regarding mechanism can be 
reached. As Griffin has stated (ISO): 

It would appear that the formation of tumor cells probably depends upon irTe\’er5i- 
blc changes in the deoxyribonucleoprotelns of the cell nucleus. The process occurs 
gradually as the newly formed cells are exposed to metabolic stress caused by the 
administration of carcinogens. Many of the endocrine-induced tumors also appe.ir as 
a result.of the cellular hyperplasia which accompanies hormonal imbalances. TTiese 
dividing cells are also e.xposed to a greatly altered environment Many of the other 
carcinogens act directly on deoxyribonuclcoprotein and nuclear metabolism. . . . 
With our advancing knowledge of methods of isolation and characterization of macro- 
molecules, we may find the deoxjTibonucleoproteins of malignant cells are different 
from those of normal cells. 


SOJIMARV 

What remains to be done? First, it is necessary to isolate and characterize 
the constituents of the nucleus in terms of structure and function, that is, 
the Structures and functions of each of the 46 human chromosomes must be 
established, particularly with reference to the biological activities of the 
constituent deoxyribonucleic adds (DNA) and the proteins. In addition, 
the role of the nuclear membrane in the somatic cell must be defined as well 
as the change in the membrane in mitosis, normal and neoplastic. The t>’pea 
and functions of nuclear ribonucleic adds (RNA) must be ascertained. Nu- 



BUSCH AND DAVIS 

of extracts of tumors relTo^^ liv^ caUjase 

of normal rats. Extirpation ^ a animals from which the original 

,.Hle inoculation ol a seotod urcatalase acticdt,-. 

formation to a fibrosarcoma, a decrease resulted oiappronimat ) pe 

in liver catalase activity. lihprated by 

The concept of a totic hormone-like “seiti toioho ( 142 ). 

the tumor has been extended by the work of '■,„„o„.ed by 

They obtained toxohormone by aqueous extraction of t 
precipitation with alcohol. Toxohormone was ^ <,„.e5. 

Lter hut not in ether, alcohol preeipluble, a 

Strurinre oj laxo«.orm»ne.-.Acid hydrolysis ol “f rfel^ty 
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was produced by tumor slices on incubation with arginine, phony 
leudue, and ATP. Slices of normal tissues, however, were not “P ^ 
produdng this active substance under the same espenmental ' 
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Anemia in Cancer Patients 

Among the causative factors for anemia in cancer patients is jq 

tion by tumors of substrates essential for the function of the _jg 

111, 115), although other factors such as marrow displacement an c 
bleeding may account for the anemias of leukemia and the anemias 
upon lesions in hollow viscera. The “unexplained anemia in neop as 
ease is a clinical concept in which the degree of anemia seems to e 
than would be accounted for by either the size of the tumor or by ite 

Tn studies on this subject, Greenfield rial. (145, 146, 147) reporte t a 

amounts of iron in red cells localized in transplantable rat tumors. e 
red cells were lysed, this phenomenon did not occur, pro\’iding evi en 
entr>' of whole red cells into tumors and their subsequent destruction ^ 
the tumor mass. The slow reutilization of the iron deposited xq 

possibility that part of the anemia results from the inability of t e 

return the iron from the tumor mass to the body pool (148). ^ ^ 

Hemolysis accounts in part for the development of anemia -sis 

with lymphomas and leukemia (149). The anemia resulting from ^ 
produced a variable er>'thropoietic response in the bone marrow. Des 
et al. (149) concluded that either because of lack of growth factors or 
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clear events must be understood from the time of separation of centrosomes 
through the formation of spindles and the separation of the chromosomes. 
In addition, the role of the nucleolus as well as the nuclear sap must be estab- 
lished, particularly in terms of nuclear-cytoplasmic relationships. Each of 
these studies will be a long-term effort and the definition of the differences 
between the neoplastic and other cells will be a demanding task. However, in 
1961, one can take much satisfaction from the fact that the task is under 
way and fundamental information is being obtained at a progressively more 
rapid pace. 
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Properties of Viruses 

Cellular changes caused by viruses . — The discovery of \aruses as disease- 
producing agents led to many discussions concerning their nature and that of 
the diseases produced by them. A great deal is known regarding the properties 
of many of the viruses such as their size, shape, reaction to physical agents, 
chemical constitution, and the antigenic responses they produce in the in- 
fected host. By means of epidemiological studies, much has also been learned 
of their mode of transmission. 

It is now known that viruses replicate within susceptible cells, often pro- 
ducing pathologic effects. Both proliferative and degenerative changes ac- 
companied by inflammatory reactions, generally with infiltration of mono- 
nuclear cells, are found in most active virus infections. One of the first degen- 
erative changes commonly observed is a ballooning degeneration of the nu- 
cleus or of the whole cell, resulting in its destruction. With certain \irus in- 
fections it is difficult to determine whether proliferative or degenerative 
lesions appear first. 

In those diseases affecting neurons, such as poliomyelitis and rabies, 
proliferation has not been observed as these cells are incapable of multiplica- 
tion. Also in infections, such as those caused by the virus of foot-and-mouth 
disease, the necrotizing action Is so rapid that hyperplasia has not been de- 
scribed. With the oncogenic viruses, hyperplasia of the affected cells is the 
predominant effect and a necrotizing action may not be obser\’cd. 

Influence of host age on viral activity . — The effect produced by a given 
virus will vary depending on the susceptibility of the host as determined by 
such factors as its immunological state, genetic constitution, hormonal bal- 
ance. etc., but depends greatly on the age of the host. An oncogenic virus in a 
young animal may produce a generalized disease instead of the neoplasm 
it produces in the older animal. This was deraonslratcd by Duran-Rcynals 
early in his work with the Rous sarcoma virus. He found that the sarcoma 
virus caused a fatal generalized hemorrhagic lesion when inoculated into 
chicks and not sarcomas as it docs in older fowl (1). He also showed that new- 
born rabbits inoculated with the Shopc fibroma virus developed a fatal in- 
llammaiory’ disease rather than the benign fibromas (2). He concluded that 
viral infection of the older and generally more resistant host may manifest 
itself prefcrcnlially by cell proliferation rather than by cell destruction. Fur- 
thermore, it is known that only newborn or suckling animals are susceptible 
to infection with certain viruses. The Coxsackie vims is an example of an 

' The survey of the literature pertaining to this review* was corvcluded in 1960. 
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with the bacterial genome without producing visible changes. These bacteria 
which carry the viral genome are know’n as lysogenic bacteria. Some of them 
may release phage spontaneously, others only by induction with some ex- 
ternal stimulus such as x-ray or ultraviolet light. Still others cannot be made 
to release bacteriophage. Here we may have an analogy to what occurs with 
some viruses that become latent in mammalian tissues. 

The phage in a lysogenic bacterium is passed on to daughter cells at cell 
division since the phage genome becomes attached to the bacterial chromo- 
somes. In this stage it is known as “prophage.” Alterations in the genetic 
characters of bacteria are known to be produced by bacteriophage. These can 
be brought about by two mechanisms, conversion and transduction (13). In 
conversion, the change is produced by an interacting of the viral genome on 
the cell. The effect produced by certain tumor viruses on cells resulting 
in their transformation to malignancy has been likened to the conver- 
sion induced in bacteria by bacteriophage. Temin (14) has demonstrated 
an hereditary change in Rous sarcoma cells produced by a mutant of the 
Rous virus. When chick fibroblasts in tissue culture were inoculated with 
“normal" Rous virus they were transformed from elongated into rounded 
cells that were indistinguishable from epithelial cells. With a mutant of the 
virus, theinfected fibroblasts became transformed to ver>' thin fusiform cells; 
intermediate forms with other mutants were also observed. In these experi- 
ments, the transformed dividing cel! passed to Its progeny the newly ac- 
quired characteristic and produced virus of the mutant type. 

In the second mechanism, transduction, the change is brought about when 
a temperate phage transfers genes from a bacterium in which it has repli- 
cated to a newly infected cell, produang changes in it. It becomes a perma- 
nent change if the new gene is incorporated in the host chromosome; other- 
wise, it is known as an abortive transduction. 

TnEORETICAL SPECULATIONS ON TnE MODE OF ACTION 
ov roLTOviA Virus 

Polyoma virus, an oncogenic virus which was first demonstrated In cell- 
free extracts of mouse leukemic tissues by Stewart (IS, 16, 17), and was later 
cultivated in tissue cultures by Stewart, Eddy and their collaborators (IS, 19, 
20), has many of the properties of the usual types of viruses. For a cbaracteri- 
xation of the virus, the reader U referred to published work (11,21 to 26). Al- 
though the mechanism whereby polyoma virus produces malignant trans- 
formation of cells is not known, similarities in the behavior of tins virus with 
the Iwctcrial viruses exist. Newborn mice and hamsters inoculated with 
polyoma virus develop within a few days a ballooning degeneration of the 
nuclei and lysis of many of the infected cells (21). It is in these cells that virus 
has been demonstrated by electron microscopy (27, 28), and in similarly 
enlarged cells in mouse embr>’o cultures by both electron microscopy (29) and 
by the application of thcHuorcsccnt antjlx>dy method (30). The cells in which 
the virus is replicating arc destroyed and it is the neighboring cells of the same 
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veloped against it. have recurrent mamfestauons of herpet 
ing Jon-specific stimuli such as fever or emoUonal “P“«^ “'Xmant 
agent which produces mammari* adenocaranomas m m estrogen 

in the infected female until it becomes act.vatcd by the no 
secretions. Outside stimuli are also knoivn to activate late ? ^ting a 

ruses. Radiation produces leukemia in some strains ol mice y 
latent leukemia virus (5. 6). Cortisone has been “ P™?““ J vi„,. 

gland tumors in mice (7) , probably by the activaUon of latent P J -(m, 

RimfeniMlogy.— Certain ol the tumor viruses arc known to be coni g 
and their mode of spread is similar to that of other Nnruscs. visceral 

associates (8) demonstrated that natural infection with 
lymphomatosis \'irus occurs, and that infection may result from expo 

saliva and feces from infected birds. Contact transmission of ous , 

also has been shown to occur (9). Mosquito p^ivoma 

fibroma and squirrel fibroma vnrus has been demonstrated fl /• 

virus also has been shown to be contagious. Uninoculated mice ousc * . 

same room with but in separate cages from inoculated animals . 

develop antibodies to the \nrus (11). Latent infections were foun in ce 

mouse colonies; in some instances 80 per cent of the mice had po , 

antibodies (12). The mode of spread was shown to be by means of sa iva 
excreta, principally the urine. , j. 

Similarities between animal viruses and bacterial viruses^^ ^ ou*" 
edge of the behavior of %’iruses increases, more and more similanties are 
not only betrreen the non-tumor viruses and those which produce 
but also between the animal viruses and bacterial viruses. In order to 
the possible analogies which may exist between animal viruses an 
phage, a re\’iew of some of the pertinent findings and definition o ^ 
follows. When a vegetative or virulent phage enters a sensitive 

it may replicate in the cell, resulting in its lysis. This is brought abou ^ 

phage genome which is composed of the \iral nucleic add. It penetra e 
bacterial cell and induces the bacterium to reproduce more of t e vim 
cleic add. Essentially, this is what also occurs when a virulent anima v 

entersa mammalian cell, resultingin its destruction. . ipnt) 

In other bacterial cells, the phage genome from a temperate (non- viru 

bacteriophage on entering the bacterial cell may go into a stable r ation 
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with the bacterial genome without producing visible changes. These bacteria 
which carry the viral genome are known as lysogenic bacteria. Some of them 
may release phage spontaneously, others only by induction with some ex- 
ternal stimulus such as x-ray or ultraviolet light. Still others cannot be made 
to release bacteriophage. Here we may have an analogy to what occurs with 
some viruses that become latent in mammalian tissues. 

The phage in a lysogenic bacterium is passed on to daughter cells at cell 
division since the phage genome becomes attached to the bacterial chromo- 
somes. In this stage it is known as "prophage.” Alterations in the genetic 
characters of bacteria are known to be produced by bacteriophage. These can 
be brought about by two mechanisms, conversion and transduction (13). In 
conversion, the change is produced by an interacting of the viral genome on 
the cell. The effect produced by certain tumor viruses on cells resulting 
in their transformation to malignancy has been likened to the conver- 
sion induced in bacteria by bacteriophage, Temin (14) has demonstrated 
an hereditary change in Rous sarcoma cells produced by a mutant of the 
Rous virus. When chick fibroblasts in tissue culture were inoculated with 
"normal” Rous virus they were transformed from elongated into rounded 
cells that were indistinguishable from epithelial cells. With a mutant of the 
virus, theinfected fibroblasts became transformed to verj' thin {usUorm cells; 
intermediate forms with other mutants were also observed. In these experi- 
ments, the transformed dividing cell passed to its progeny the newly ac- 
quired characteristic and produced virus of the mutant type. 

In the second mechanism, transduction, the change is brought about when 
a temperate phage transfers genes from a bacterium in which it has repli- 
cated to a newly infected cell, produdng changes in It. It becomes a perma- 
nent change if the new gene is incorporated in the host chromosome; other- 
wise, it is known as an abortive transduction. 

Theoretical Speculations on the Mode op Action 
OF Polyoma Virus 

Polyoma virus, an oncogenic virus which was first demonstrated in cell- 
free extracts of mouse leukemic tissues by Stewart (IS, 16, 1 7), and was later 
cultivated in tissue cultures by Stewart, Eddy and their collaborators (18, 19, 
20), has many of the properties of the usual types of viruses. For a characteri- 
zation of the virus, the reader is referred to published work (11,21 to 26). Al- 
though the mechanism whereby polyoma virus produces malignant trans- 
formation of cells is not known, similarities in the behador of this \'iru5 with 
the bacterial viruses exist. Newborn mice and hamsters inoculated with 
polyoma virus develop within a few: days a ballooning degeneration of the 
nuclei and lysis of many of theinfected cdls{21). It is in these cells that Wrus 
has been demonstrated by electron microscopy (27, 28), and in similarly 
enlarged cells in mouse embryo cultures by both electron microscopy (29) and 
by the application of the fluorescent antibody method (30). The cells in w hich 
the virus is replicating arc dcs troyed and it is the neighboring cells of the same 
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mL frequent in the strain C.H,/Hen mice Leuch- 

hybrids used in the earlier studies than m the “'O' ““ educes 

tenberger study. Here we have a very good exa^^ 

both a necroUaing effect in certain cells and a probferatiy e 

*%trhfeffrf produced dependent on the host r«her than on 

pointed out by Duran-Reynats? ‘^“f rfceand 

L already menUoned. the initial response observed in the tissu I ^ 

hamsters that received polyoma virus with.n a few houre afte 
necrotizing effect. This occurs within a few days after j / jpUca- 

cells, parUcularly in the kidney tubules, are the target ceils lor P 

tioti. Very early in infection only the ballooning degeneration^ 
is present! in mice three to lour months old only ..sand 

affected can still be found. These are seen most frequently in ^ 

in thyroid glands undergoing neoplastic changes. I n the hamster, me f 
of \-irus replication as eudenced by the enlarged epithelial cells 
shorter duration. Needless to say, polyoma ^^nls is readily 
tUs early stage. What happens to the host cells that prevwts 
replication of virus and destruction of the cells but instea ^ ac ^ 
proliferauve effect? It has been shown that polyoma %nrus is highly ant g ^ 
and that animals inoculated -with it develop antibodies that can e e 
within a short time after infection (11, 21, 32). Antibodies, howe^er, 
prevent the replication of the virus or the malignant transformation ° , 

if introduced after the virus has entered the cells (U). High serum an 
titers have been demonstrated in mice bearing large polyoma .j.jjg 

tumors with occasional cells showing the ballooning degenerauon ( 
change from necrosis to proliferation cannot then be attnbute rj-pm 
resistance produced by specific antibodies. A similar change in 
necrosis to proliferation has been observed in tissue cultures of mouse e 
cells inoculated with polyoma virus. The initial response observe in cu 
is the necrotizing effect. As polyoma virus appears to be ^gyeo 

tissue culture cytopathogemc changes usually are not obser\'ed un 
days after the ^'i^us inoculation (24). From 9 to 14 days many o t ® 
the culture are destroyed. Recently it has been reported that fo onm 
lysis remaining cells in some instances undergo a proliferative 
A marked decrease in the amount of recoverable virus from the pro i e 
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cultures was observed. A proliferative response has also been reported for 
hamster embryo tissue cultures inoculated with the virus. In these no cell 
lysis was observed (34, 35). Only cloning of cells will determine whether virus 
is produced by the proliferating cells. Both tissue susceptibility and virus 
virulence may be the determining factors. If certain cells in the host are 
highly susceptible to viruses, they undergo lysts as a result of their replica- 
don. Others not as susceptible react to the virus as bacteria would to a tem- 
perate phage. There may also be a difference in the virulence of different virus 
particles. 

The following are given as examples of host resistance that also are not 
attributable to specific viral antibodies: (c) Development of benign tumors. 
Rabbits inoculated subcutaneously shortly after birth with the supernatant 
fluid from a polyoma virus mouse embryo culture develop subcutaneous tu- 
mors in two to three weeks (36, 37), Histologically these resemble benign 
fibromas that will grow fora period and then regress [attempts to reactivate 
the tumors by administering hydrocortisone have failed (38)]. (&) Develop- 
ment of resistance with age. Resistance to the oncogenic effects of the virus 
increases with age. Hamsters over 30 days of age do not develop tumors when 
inoculated with it. Resistance In mice develops after they reach 24 hr. of 
age (4). 

Tumor induction in the rabbit and regression of the tumors could be ex- 
plained as resulting from a transient type of transduction in the following 
manner: when polyoma virus which has been replicating in mouse cmbr>’o 
tissue culture is inoculated into newborn rabbits, the viral genome may 
transfer genes or proteins from mouse cells to the rabbit cells. The rabbit 
cells, cither because of the transferred genes or because of a tolerance ac- 
quired from the injected mouse protein, are now susceptible to transformation 
by the virus. The viral genome apparently docs not become permanently 
integrated with the rabbit chromosomes. A permanent type of change there- 
fore does not occur, the change being transmitted to daughter cells for a 
limited number of generations, resulUng in tumor regression. 

In hamsters the situation is different in that the tumors do not regress, 
but it is similar in that a mouse virus replicating in mouse cells produces a 
similar type of transduction; in this case it is a permanent hereditary change. 

In recent studies, purified nucleic acid (DNA) obtained from polyoma 
virus mouse cmbr>’o cultures was found to induce tumors when inoculated 
directly into hamsters (39). Had the DNA been pure virus nucleic add, one 
could not postulate a transfer of genes from the mouse cell. The preparation, 
however, also contained cellular Di^Afeom the mouse embrj'o cultures. 

Transplanted hamster polyoma inrus-induccd tumors appear to be free 
of the virus. It could not be recovered by culturing the tumor tissue in mouse 
embr^’o cells, nor could the virus be released by induction methods used for 
releasing prophage (40, 41). From these observations and because of failure 
to find evidence of necrotizing virus in hamster cmbrj'o cultures and in pri- 
mate* hamster tumors (from a study of histological sections of the tumors), 
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Neoplastic Transformations of Cells in Animals With Human 
Tumor Materials 

Recent vork n-ith purified nucleic acids, crude f f'^berTn- 
derlved from human neoplasms have lead to resulu that ment rt 
vestlgation. SchwarU rf of. (42) reported a decrease in 
the development of leukemia in strain AKR mice when they ne ) 
with filtrates prepared from human leukemic brains 
Twenty-two per cent of 326 adult mice, inoculated intracerebtally 
peritoneally with the brain filtrate, developed leukemia before they 
the age of 22 weeks instead of the usual 10 to 12 months, described 
period after injection was only two to tour weeks. Bergolu (43) „_tract3 

a 34 per cent incidence of leukemia in mice inoculated wth saline 
prepared from human leukemic tissues and an even higher 
extracts from human sarcomas. He also has described the culuva 
chick chorioallantoic membrane of a "leukemia factor" obtaine 
blood of patients with acute lymphatic leukemia and from the , 

patients with myelogenous leukemia who had died. Chorioallantoic 
inoculated into mice caused a leukemia incidence of 17.7 per cent as °PP° . 
to 2.7 per cent in mice injected with chorioallantoic fluids from uninocu 
eggs. Two of the mice receiving material from human leukemic tissues 


vcloped tumors of the parotid glands. 

Burton el al. (44) have reported the induction of parotid glan ^ u 
and other neoplasms in strain CjH mice that were inoculated wit a tu 
factor" recovered from purified concentrates prepared from the serum 
red blood cells of patients with Hodgkin’s disease. The "tumor factor a 
produced a tumor in the fruit fly, DrosophUa melanogcster. Serum from n 
neoplastic donors did not produce tumors in either mice or flies. 

In studying the oncogenic properties of cell-free filtrates of human ' 

Grace et al. (45) found that fiUrates from a variety of human tumors, w 
inoculated into newborn Swiss mice of their colony, produced 
adenocarcinomas in from 0 to 20 per cent of the pregnant females recci%n 
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the different preparations. The same tumor was also seen In 3 of the inocu- 
lated male mice and in 10 non-pregnant females. This tumor was not ob- 
served in their control mice. 

Activation of latent oncogenic viruses in the host . — In the Schwartz and 
Burton experiments the strains of mice used are known to carry tumor- 
indudng viruses. The strain of AKR mice used by Schwartz et ol. has been 
found to carry a leukemia virus (46), and the strain of C»H/ mice used by 
Burton et al. is the Gross subline which has been reported to have a high 
incidence of latent infection with polyoma virus (12). Schwartz and col- 
leagues interpret their results as resulting from a leukemogenic substance, 
probably a virus, in the brain filtrates that activates a process which would 
have occurred naturally at a later date. In the experiments of Burton et al. 
the control mice did not develop tumors. The tumors obseiwed in the mice 
that received the “tumor factor” were of the polyoma virus spectrum. The5' 
interpret their results not as an activation of tumor viruses in the mice, but 
as an induction with the injected "tumor factor.” Experiments of Stewart 
et al. (47) have shown that maternal antibodies protect the offspring of 
polyoma virus-infected mothers, preventing them from developing tumors 
though exposed to the virus. This w'ould account for the absence of tumors 
in the mouse colony that carried a latent polyoma virus infection. 

Bergoltz used mice with a very low inddence of spontaneous leukemias 
for his experiments and therefore felt justified in his conclusions that the 
leukemias which occurred had been induced with the Inoculum. Liebcrman & 
Kaplan (5) have reported the recovery of a leukemia virus from radiation- 
induced leukemias in strain C57 black mice that have a very' low incidence of 
spontaneous leukemia but are very susceptible to Icukemogenesis by radia- 
tion. They concluded that in this low leukemia strain radiation activates a 
latent leukemia virus that would remain inactive under natural conditions. 
The presence of a latent leukemia virus in Bcrgoltz's mice was not ruled out; 
since two of his mice developed parotid gland tumors after inoculation of 
the human material, the possibility should be considered that his mouse 
colony also harbored a latent polyoma virus infection. 

The four different experiments dted wherein tumor induction was re- 
ported as a result of inoculating extracts or filtrates from human neoplastic 
material could have resulted from a spedfic factor, possibly a virus itself not 
oncogenic, which was capable of activating latent tumor druses in the mice. 
This was considered as a possibility by Grace do/, in their experiments. 

Jlojt specificity of tumor viruses . — ^Although some of the tumor viruses 
can be made to produce neoplasms in foreign hosts by a process of adaptation, 
they arc usually specific. The Bittner milk agent which produces mammary 
adenocarcinomas in mice is considered to be highly specific, producing tumors 
in only certain genetic strains (4S). Polyoma virus has been shown to have a 
greater variability in producing tumora in various spcdcs, but these have 
been limited to rodents. Newborn monkeys inoculated with the vims have 
remained free of neoplasms. These have now been under obseivation two and 
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four vears (49) Svet-Moldavsky (50) studied the pathopmdty of Rous 

the oreans 6 to 45 days after inoculation. -s^to 

McClarcn and his co-n-orkers have demonstrated the J 

pnrified nucleic acids of polio virus (51). The nucleic ^ 

previously resistant to the u-hole virus, and cou d ?„Ts 

during complete riruses which, like the onginal mrns, uere ^ 

tor the resistant cells. Lacour ei nl. (52) reported that a punBed nucla ^ 
derived from a human lymphoma produced turaom in two ‘ , 

Inoculated nnth it intraperitoneally. They were unable to tcpeat tto 
It is conceivable that such a loss of specificity as they descnbe 
a purified nucleic add were derived from a human oncogenic "‘“'J 

than from the tumor tissue. A giveo human tumor at a certain stag 
development may have present, as shown with 

tumors, a large amount of the inciting virus. At this stege the vnral nudw 
add from the tumor may be capable of produdng tumors m a foreign f 
whereas the whole virus would not because of its high sped6dt>’. 


POTEKTIALITIES OF A SPECIFIC TISSUE CULTURE SYSTEM 
Primary tissue cultures of human embryonic cells grown in the absence of 
antibodies, such as may be encountered in human serum frequently use o 
growing out cells, may provide the best medium for detecting oncogenic 
^‘i^lse3 Of other substances capable of inducing neoplastic transformadons 
from human material. The transformation of human embryonic cells vnt a 
substance from human neoplasms was recently reported by Stewart & 

(53). It appears that such a tissue culture system may have great poten- 
tialities for studies on the mechanisms of oncogenesis of human tissues. 
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Today, the importance of iron in human nutrition is widely appreciated, 
difficult to realize that only 30 years ago very little was known about 
metabolism, and iron deficiency was not recognized as a clinical entity, 
ng the fir^t three decades of this century, chlorosis was commonly re- 
id as a form of neurosis, attributable to tight corsets, endocrine disturb- 
, toxemia, or a variety of other causes (4, 7, 75, 105, 1 15). Those prin- 
} of iron metabolism that we now regard as basic were totally unknown, 
etween 1930 and 1950, tremendous strides were made in the under- 
’ing of iron metabolism. However, re-evaluation of some of the con- 
ms which have been reached as a result of the work of pioneers in this 
n the 1930’s and 1940’s, has been necessary in the past decade. Much of 
.rly work has stood the test of time, but reappraisal of some of the con- 
that had been developed and widely accepted has shown that, at times, 
^peculations were accepted as f^cts, important basic principles were 
-d on uncontrolled studies carried out on a few experimental animals, 
iagrams of hypotheses were sometimes accepted as basic biologic 
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Today, the importance of iron in human nutrition is widely appreciated. 
It is difficult to realize that only 30 years ago very little was known about 
iron metabolism, and iron deficiency was not recognized as a clinical entity. 
During the first three decades of this centur>% chlorosis was commonly re- 
garded as a form of neurosis, attributable to tight corsets, endocrine disturb- 
ances, toxemia, or a variety of other causes (4, 7, 7S, 105, 115). Those prin- 
ciples of iron metabolism that we now regard as basic were totally unknown. 

Between 1930 and 1950, tremendous strides were made in the under- 
standing of iron metabolism. However, re-evaluation of some of the con- 
clusions which have been reached as a result of the work of pioneers in this 
field in the 1930’s and I940’s, has been necessary in the past decade. Much of 
the early work has stood the test of time, but reappraisal of some of the con- 
cepts that had been developed and widely accepted has shown that, at times, 
mere speculations were accepted as facts, important basic principles were 
founded on uncontrolled studies carried out on a few experimental animals, 
and diagrams of hypotheses were sometimes accepted as basic biologic 
truths. 

It is the purpose of the present review to rc-evaluatc our state of knowl- 
edge in several areas in the field of iron metabolism. Because of the limita- 
tions of space, only certain aspects of iron metabolism can be discussed. We 
shall consider how iron traverses the intestinal mucosa to enter the blood 
stream and what regulates the amount absorbed. Special attention will be 
paid to increases in our understanding of the most common disorder of iron 
metabolism-iron deficiency. The relative merits of various tests which may 
be used to establish this diagnosis will be discussed and the eridcncc for tissue 
involvement in iron deficiency will be presented. Several reviews covering 
various aspects of iron metabolism have appeared in recent years, including 
' some topics not covered in the present review (8, 15, 30, 44, 52, 6S, 87, 123). 

The Mechanism and Regulation or Iron Ausorption 

In 1936, McCance & Widdowson (101) demonstrated that iron is not 
excreted by the body. These studies have been amply confirmed by more 
recent evaluation of iron balance using Fc” or Fe“, which have demon- 
strated that losses of iron from the body arc, indeed, minute (29, 50, 54). 
Thus, regulation of absorption must serve as the main means of maintaining 

^ The Bur\*cy of the literature pertaining to this review Hi-as conclude*! in July, 
1960. 

* This study »-as supported in part by Public He.-ilth Sers-Icc Grant No. H 5618. 
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lurther iron could be absorbed, "nils conreptu as P3sa„tially uncon- 

K.r rr^Un ft al n2) in 1943. These authors earned out essenuai y 
tr'^ife exjLtJnU ilthree dogs. They observed that vheu a urge dose 
iron was followed within 1.3 to 6 hr. by a dose of rad.o.rou, less rad oaetmv 
appeared in the erythrocytes than might have been 
6ve eases. They concluded that the first dose of .run had ““eked 
second dose of iron. Inconsistencies were raplaincd on tb“ . 

contact of mucosa with the iron solution. These authors ° ‘“^‘not 

account, however, that for radioactivity to appear .n the red ce t ^ 
only necessary tor iron to be absorbed from the gastro.ntestin 
also for it to be utilized for erythrocyte formation. Since not only 
mucosa but also the marrow had been flooded with large amoun s • 

the “blocldng” of radioiron may have occurred not at the bowel mucos , 
actually at the bone marrow level. In point of fact, more recent stu . 

more acceptable techniques, have invariably demonstrated that altnoug 
some decrease in iron absorption may occur when iron is given, no aos 
block of mucosal absorption is produced by the administration of iron t ■ 
40, 119, 138). However, the experiments of Hahn el al. have formed t e 
of a great deal of further e-xperimentation and speculation on the mec am 


of iron absorption. 

Granick studied guinea pigs which had been fed relatively huge qu ^ ^ 
of iron. Treatment of mucosal scrapings from such animals with ca 
sulphate resulted in the the formation of crystals having an „ 

characteristic of ferritin (64). Accepting the concept of a "mucosal oc 
Granick postulated that the amount of ferrous iron moving into a 
cell might be regulated by a mucosal-blocking mechanism related irec 
to the level of ferrous iron in the cell and indirectly to the ferritin concen ra 
tion (63, 65). He suggested that, in the mucosal cell, ferrous iron com me^ 
with apoferritin to form ferritin and that the amount of ferrous iron w ic^ 
left the mucosal cell and entered the blood stream depended on the 
redox level of the cell. This, in turn, was believed to be influenced by t e c 
crease of oxygen tension of the blood stream in anemia. No evidence ’S' ^ 
presented that in anemia a decrease in the oxygen tension of the owe 
mucosa actually occurs. In considering the possible validity of^this pos u 
lated mode of absorption, it is disturbing to note that Granick s 
show that the increase in ferritin concentration of the bowel does not^ egi 
for 4 to 5 hr. (64) or 3 or 4 hr, (63) after feeding, and that the maximu 
level is reached after 7 hr. It is well known that, at least in human , 

(42, 61, 112) and in dogs (72), the peak of plasma iron levels is achieve 
between I and 3 hr. after administration of iron. It is reasonable to suppos 
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that in small experimental animals the peak is reached even sooner. If, how- 
ever, ferritin bears a precursor relationship to plasma iron, the peak in 
plasma iron levels would be expected to follow and not to precede the peak 
of mucosal ferritin concentration. The finding that ferritin is formed in 
mucosal cells after the administration of iron to experimental animals has 
been confirmed (56, 64, 138) but it must at present be considered uncertain 
whether mucosal ferritin is a true intermediate in the transport of iron from 
the lumen of the bowel to the blood stream or whether it has merely a storage 
function (30). It has been suggested that iron chelates present in the lumen 
of the bowel pass through the mucosa without alteration (113). There is no 
convincing evidence supporting this point of view. 

Attempts have been made to devise methods for the study in vitro of the 
passage of iron through the intestinal mucosa. Brown & Justus (34) bathed 
everted pouches of rat intestines in a buifer system containing either ferric 
citrate or ferrous ascorbate gelatine labeled with Fe”, Their results suggest 
that the uptake of iron by such pouches was a passive process, not appreci- 
ably affected by changes in pH, metabolic inhibitors, or added substrate. 
There was little transfer of iron into the pouch fluid. In a more recent study, 
Dowdle et al. (48) claim to have demonstrated active transport of iron across 
the bowel, using the everted pouch technique. Inhibition was achieved by 
the use of azide, fluoride, malonate, c>'anide, 2,4 dinitrophenol, and by 
anoxia. It is suggested by these workers that the failure of Brown & Justus 
to demonstrate active teen transport might be attributed to the fact that 
these authors used the middle and lower portion of the bowel In most of their 
studies, while in Dowdle's investigations, the upper portion of the bowel was 
employed. However, upper portions of the bowel were used in at least some 
of the studies reported by Brown & Justus (34). Unfortunately, comparison 
of the data of these two groups is not possible because of the differences in 
units employed. If confirmed, the results of Dowdle and his colleagues could 
be of value in the study of the mechanism of iron transport. However, it is 
uncertain whether the transport they have ob5cr\’ed is related to the physi- 
ological mechanism of iron absorption. It is of interest in this respect that 
bowel anoxia, believed by some to represent a direct stimulus to absorption 
(65, 99), inhibits transporter Iron in their system. 

While there is little direct experimental evidence to aid us in our under- 
standing of how iron traverses the mucosa of the bowel, certain investigators 
have given their attention to the mode of entry of iron into other cells, par- 
ticularly liver celts. Such data arc worthy of serious consideration in relation 
to the problem of iron absorption, since iron uptake and release from storage 
sitc.s may be controlled by mechanisms similar or identical to those regulating 
iron absorption (40). Saltman and others have investigated the entrj* of iron 
from ferric ammonium dlratc into rat liver cell suspensions and liver slices. 
They found that rat liver slices bad the capacity to accumulate exogenous 
iron against a concentration gradient (116). They suggested th.it iron passe* 
through tlie cell membrane in both directions passively. Once inside the cell. 
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boiic process. . . i,„ fniind that ferritin could 

In Granick’s early studies of apoferriun ( ), - rontaining brown 

be regenerated from apoferritin by ntijung 1 ui p ^ ■ rom- 

mother-liquor remaining after -=0«aU.rat.on of fYntrrn 
pounds studied were not incorporated into apofemUn through a 

Lr. Bietig & Bayer (26) were able to form ferntrn ''V “b<,„\te. 

solution containing apoferritin, ferrous ammonium 
Loewus & Fineberg (97) were also able to achieve ^y^e^s of lemu 
ferric ammonium citrate and apoferriun in the ^„tth= 

extract. Ascorbic add could subsutute ferritin, 

incorporation of ferric iron into rat afmferntln but not ■^'^“'^‘^'^een 
The incorporation of plasma-bound iron into hepatic femt { r 

investigated by Matur cl. (99). When liver slices were U 

oxidative enzymes such as dtrate, oxalacetate, inalate, %"'* "'™”' as 
found to increase the Incorporation of iron into femUn. Inhib . 
iodoacetamide, cyanide and arsenite, and anoxia were fou ^ 

incorporation. Dillerences between these findings and those <>' 

(1, 117) may be based on differences of iron transport b«wee 
plasma-bound iron. Such differences have already been 

Jandl e( of. (82) in the case of iron transfer to reuculocytes. To 

differences between their findings and those of Saltman et al.y, Jf 
ei al. (99) studied the incorporation of ionic and plasma-boun • 

liver slices, both as ferritin and as total liver uptake. InhibiUon by 
and metabolic inhibitors was observed only when iron incorporaU 
ferritin was considered and was best demonstrated w’hen the iron w as P 
bound. The incorporation of plasma-bound radioiron into 
ferritin in the presence of rat liver homogenates was also mvestiga ' 
perhaps unfortunate that apoferritin, the natural substrate for iron . . 
ration, was not used. These studies led to the conclusion that both as 
acid and ATP were required for the transfer of plasma-boun , . 

ritin. ATP and ascorbic add appeared to be able to do this e\en m 
sence of any substance from liver. It was believed that the in<»r^ra . 
iron into ferritin might be dependent upon energy' because o^ e ^ 
ment for ATP. The quantity of iron incorporated into femtin in i 
studies was quite small, and it is not entirely clear whether the 
of iron into ferritin observed in this system represents the P 
means by which iron is bound to apoferritin. Similarly, the p ysm 

len.'atlons of Loewus & Fineberg (97) and of Bielig ^ 

' s generally been assumed 


significance of the obsen.’atlons c. 

Bayer (26) is somewhat uncertmn at present. It I 
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that iron enters the cell either in ionized form or perhaps bound to a bio- 
logical chelating agent of small molecular size. However, in studies of the 
uptake of iron by erythroblasts, using electron microscopic techniques, 
Bessis & Breton-Gorius (6) have concluded that iron may enter the develop- 
ing erythroblasts in the form of ferritin itself through the process of pino- 
cytosis. It is conceivable that other body cells may participate in iron trans- 
port by means of a similar mechanism. 

Bielig & Bayer (25) have shown that iron may be removed from ferritin 
by sodium dithionite, ascorbic acid, glutathione, and DPNH, in that order 
of efficiency. The release of iron from ferritin has also been investigated by 
Green & Mazur (67). The operation of the xanthine oxidase system was 
found to result in release of iron from purified horse spleen ferritin, as had 
been suggested by the studies of Tanaka (127). It should be pointed out, 
however, that only minute amounts of iron, amounting to 0.4 per cent of 
the total amount present, were mobilized in the studies they have reported. 
In their earlier studies, Green & Mazur (67) reported that the mobilization 
of iron from ferritin by the xanthine oxidase system was enhanced by oxygen. 
If iron absorption is controlled by bowel anoxia, this result would be quite 
unexpected. In more recent studies, however, (100) the authors have con- 
cluded that the earlier findings arose from a technical error, namely, that 
an aged xanthine oxidase preparation had been used. Greater release of iron 
from ferritin was obtained under N$ than under 0$ when fresh enzyme was 
employed, Mazur et al. (100) have also investigated the problem of whether 
the xanthine oxidase system is physiologically active in release of Iron from 
the stores. They had found that mobilization of iron stores by inducing 
hemorrhage shock in dogs was accompanied by a rise in blood levels of uric 
acid, the product of xanthine oxidation. They also demonstrated that the in- 
fusion of hypoxanthinc, xanthine, adenylic add, and inosine resulted in a rise 
in plasma iron and uric acid levels. Uric add, glydne, butyric acid, and aden- 
osine failed to cause a rise in the plasma and iron level. Cheney & Finch (40) 
have observed slightly increased iron absorption in experimental animals 
given inosine parenterally, but not orally. They pointed out that the magni- 
tude of increased iron absorption noted In iron deficiency and hemochroma- 
tosis is so much greater as to suggest that a different mechanism may be 
operalive. The data rclalingiron release and xantliinc oxidation ore Interest- 
ing and should stimulate further study of the possible role of this system 
in the release of iron from ferritin. However, it cannot be regarded as demon- 
strating conclusively that xanthine oxidation plays an important physio- 
logical role in the release of iron from ferritin or in the absorption of iron. 
Other substances, such as cysteine, appear to be capable of inducing loss 
of iron from ferritin in nVo (138) as well as in rrVro. 

In the past few years a number of insTstigators ha\-c undcrt.akcn to 
reinvestigate the entire problem of the regulation of Iron absorption. The 
results of earlier isotope studies (72), in which it i^'as assumetl that all iron 
absorbed was incorporated into hemoglobin, are suspect because it has been 
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However, problems of “e different iso- 

A second method of measunng iron absorption is t 

topes of iron, Fe“ and Fe", giving one isotope by °™™"7“Heh is 

by the intravenous route (31, 118). The percentage o , jj ; ,iren 

incorporated into the drculaUng red cell mass is has been 

possible to estimate accurately the proporuon of admin- 

absorbed by taking into account the proportion of the .^ese 
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calculations is that the distribution of *'<>" '"‘'"rS the 

gastrointestinal tract is identical to that which is injecte 
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techniques. The counting of presents certain technical pro ® 
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The simplest method of measuring iron absorption is by 
counting. While ashing of the entire animal and counting of an aliq 
be carried out, improved instrumentation makes simpler 
sible. Radioiron is given to the experimental subject by the oral ro 
a total body count is carried out against a standard. A seron 
count is carried out at some later date at which time all o^ t ® stand- 

cleared from the gastrointestinal tract and is compared with t e sa 
ard. The fraction of radioactivity left in the body will represen 
tion of the dose of iron absorbed. In using this method, it is 
demonstrate that -with the detection equipment employed, the 
of counts are obtained with a given quantity of iron deposite m gjjjjre 
and upper gastrointestinal tract as when it is distributed 
body. This has been demonstrated to be the case with mice f ) 

(19, 53) wth available counting equipment. If this condition is no 
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alternate method is also available. One may administer a dose of n micro- 
curies of Fe®* via the oral route and count the subject after several days. 
Immediately following, n microcuries are given intravenously and the subject 
is counted again. The difference between the last two counts represents the 
number of counts detected from n microcuries of Fe*® distributed through- 
out the blood stream and reticuloendothelial system. The percentage ab- 
sorbed can then be readily estimated from the first count taken. 

Using improved techniques for the measurement of iron absorption, 
certain basic facts have become well established. These are summarized in 
Table I. Anemia, produced by bleeding or by hemolytic agents, greatly 

TABLE I 


A. Factors which augment iron absorption 

I. Anemia 

a. Induced by bleeding (31, 72, 91) 

b. Induced by hemolysis (31, 91, 125) 

II. Anoxia (91) 

in. Cobalt administration (91) 

IV. Iron deficiency (19, 53, IDS) 

6. Factors which diminish iron absorption 
I. Transfusion polycythemia (31, 91) 

11. Iron overload (31, 91, 108) 

III. Done marrow aplasb (31, 91, 107) 


augments the absorption of iron (31, 72, 125). The administration of cobalt 
(91), hypoxia (91), and iron depletion without anemia (108) similarly aug- 
ment the absorption of standard doses of iron. Bleeding causes increased 
absorption of iron even if the iron is quantitatively replaced by the paren- 
teral route (13). On the otlicr hand, transfusion polycythemia depresses 
the absorption of Iron (31, 91), as does loading with parenteral iron (31, 91, 
108). In human patients with aplastic anemia, decreased iron absorption 
has been described (107), but what probably represents augmented absorp- 
tion has also been measured (96). It is diOicult to evaluate clinical data be- 
cause of the retarding effect of increased iron stores on iron absorption. 
Serial studies of absorption in one patient with aplastic anemia showed a 
.decrease in iron absorption after transfusion (96), Available evidence sug- 
gests that breathing an atmosphere of increased oxygen content does not 
retard the absorption of iron (102). Iron transfer across the bowel frequently 
is against n gradient (31). It is not enhanced by the administration of plasma 
containing lat^c amounts of iron-binding protein (19). It is not a process of 
simple diffusion, but rather has the characteristics of an active, finely regu- 
lated process. • 

It seems clear, however, that the regulation of iron absorption cannot be 
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iron absorption in non-anemic subjects with depleted iron stores t r 

subjects in whom marrow activity is normal, nor the decreased iron a s 


tion which occurs with iron loading. ^ . 

It has also been suggested that perhaps a deficiency of iron ^ 

mucosal cells may cause enhanced iron absorption (58). It is o 
in this respect, that xanthine oxidase, believed by Mazur el cf. ( 
play an important role in iron transjiort, contains iron (55). \>hi e ® 
ciency of iron enzymes could explmn the increased iron absorption 
in iron defidency, it would fail to explain satisfactorily the increas * 
absorption occurring after another stimuli, particularly after the a mi 
istration of phenylhydrazine. In addition, we have found that i 
quantitatively returned parentcrally to rats that have been acutely ^ 
is given to them just prior to bleeding, the increase in iron 
just as great as in those in which no replacement of iron is attempte ^ 

To our knoTriedge, no single theory* has been proposed ^ 

torily explains all the phenomena listed. It seems likely that iron a sorp 

is under dual control. The sire of iron stores ould seem to be one 
which influences iron absorption. Ether bone marrow activity or ane 
could be additional parameters. By what pathways iron ^ 

stimulated remains unknovs-n. InvesUgarions of the secretions of the gas^ 
intestinal tract have failed to reveal a substance ishich, secrcUng m 
the lumen, enhances the absorption of iron (13). Greater understan ‘”8 
just how iron traverses the intestinal mucosa to enter the blood s 
might proride greater insight into the mechanism of control of iron a so 


tion. 
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The Diagnosis of Iron Deficiency 

Severe iron deficiency avtmia . — The diagnosis of severe iron deficiency 
anemia does not ordinarily present a difficult problem. In well-developed iron 
deficiency, when the hemoglobin level of the blood is below 8 or 9 gm. per 
cent, the corpuscular constants are low, the red cells are hypochromic and 
microcytic, and aniso- and poikilocytosis are noted on the smear. In the 
vast majority of cases, the diagnosis of severe iron deficiency anemia can be 
made on the basis of these findings and on the basis of the clinical history 
of blood loss. The rapid response to the administration of iron gives final 
confirmation of the correctness of the diagnosis. Occasionally, differentiation 
from other hypochromic microcytic anemias becomes necessary, particularly 
the thalassemia syndromes, the occasional cases of anemia caused by chronic 
infection or malignancy, the rare cases of pyridojdne-responsive anemia, 
or sidero-achrestic anemia. In these instances, the determination of the 
plasma iron and the iron-binding capacity may be very helpful. The plasma 
iron is depressed, not only in iron deficiency, but also in patients with the 
anemia of chronic infection or malignancy (IS, 24, 38, 39, 76, 111, 131), and 
may be somewhat low in thalassemia minor (24, 120). However, the un- 
saturated iron-binding capacity is almost invariably greatly increased in 
severely iron-deficient patients (24, lU, 131); such increases are not ob- 
served in the other conditions from which iron deficiency must be differen- 
tiated. Flat iron-foierance curves have been described and have been attrib- 
uted to "decompensation" of the mucosal mechanism for iron absorption 
in severe anemia (129). It seems equally likely, however, that the very 
rapid clearance of iron from the plasma, which occurs in severe iron defi- 
ciency, may account for the failure of the plasma iron to rise to higher levels 
upon the administration of oral iron to severely iron-deficient patients. 

Unlike the bone marrow of patients with anemias from other causes, the 
hone marrow of iron-deficient patients is usually devoid of stainable iron, 
unless they have received iron by the parenteral route or have recently re- 
ceived blood transfusions (15, 21, 24, 43, 74, 80, 109. 110, 124, 132, 134, 135, 
136, 139). Similarly, normoblasts containing iron granules (sideroblasts) are 
absent from marrow smears of iron-deficient patients (IS, 24, 47, 74). While 
stainable marrow iron represents available storage iron, it has recently been 
suggested that the presence of sideroblasts more accurately reflects the im- 
mediate availability of iron for hemoglobin synthesis (74). Thus, patients 
who have become anemic because of acute blood loss may have relatively 
intact marroiv iron stores but sideroblasts may have disappeared from the 
marrow. 

Mild iron-deficiency.— The diagnosis of mild iron deficiency may present 
more of a clinical problem than docs a diagnosis of severe iron defidencj*. 
This disorder must be differentiated not only from the ihalassemm syn- 
dromes. from the anemia of chronic infection or malignancy, but also from 
physiological variants in which the hemoglobin level happens to fall in the 
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reported that io subjects in whom the iron stores were dehberatc y depleten 
by phlebotomy, plasma iron levels were, if anj'thing. inCTcased I )- 
The iron-tolerance cur\-e has had considerable populanty, espe 
certmn European centers, in the diagnosis of mild iron defiaency I . j 
60, 77. 83 to 86; 112, 128, 131). The theoretical 5 o\ 

this test for the diagnosis of iron deficiency have been discussed C15, • 

The shape of the iron-tolerance curve obviously depends on a combma 
of factors, including not only the quantit>’ of iron absorbed but a so 
rate of iron absorption and the rate of iron clearance from the p asm^ 
both marrow and storage sites. Clearly, patients uith iron deficie°c> 
from malabsorption would have flat iron-tolerance curves in spite o 
iron-deficient (42). Standards for the interpretation of iron-tolerance 
have been poorly defined. However, a recent study of iron 
suggests that, at least in many mildly iron-defident patients, high o 
ance curves are achieved (131). It is of interest to note that all o os^ 
patients also had high plasma unsaturated iron-binding capadties pr^n 
It n-as therefore conduded that the iron-tolerance curv’e presents no a 
tage over the determination of the plasma iron and iron-binding capaao* 
a technically simpler procedure (131). Recently, the use of radioiron 
has been proposed as a means for evaluating the iron stores (y-*/- ^ 

daim has not been documented by any data and, in point of fact, , 

of the potendal of this method for diagnosing iron defidency has 
disappointing results (14, 24). The use of an iron chelate has alw 
found to be useful in assessing the size of the iron stores (89, 90). 
work will be required to establish the practical v’alue of this methem. 
free er>’throc>’te protoporphj'rin probably does not rise sufndently m mi 
iron defidenej' to be of diagnostic value (38, 78, 121). , 

The examination of the bone marrow for stainable iron has 
most reliable means of diagnosing mild iron defidency anemia (24). 
method has several drawbacks, however. First of all, it is necessarj to p^ 
form a bone marrow puncture to obtain material for examination- Secon^ , 
meaningful observations can be made only by well-trained observ'crs, since 
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artifacts commonly occur in preparations and must be differentiated from 
true storage iron. Third, it is likely that this method is somewhat overly 
sensitive, since very small amounts of storage iron may readily be missed 
in the small fragments of marrow available for examination. Furthermore, 
it is entirely possible that iron stores may be completely depleted without 
affecting hemoglobin mass or any other type of functionally active iron. 
It is hoped that eventually one of the simpler means of evaluating the size 
of the iron storage pool may be proven sufficiently reh'ab/e to be of greater 
value than bone marrow iron estimation. 

The Tissue Chakces in Iron Deficiencv 
Until recent years, full attention in iron deficiency was focused upon the 
changes in the blood. Aside from excellent clinical descriptions of tissue 
changes occurring in iron deficiency, the changes in tongue, esophagus, and 
fingernails, scant attention was paid to any other alterations of metabolism 
which iron deficiency might cause. Thus, the symptoms of iron deficiency 
ha%'e commonly been ascribed to the anemia (122); other iron compounds 
of the body have been ignored probably because of their minute quantity 
and because they were difficult to measure. However, even clinical studies 
of many years ago suggest that the symptoms of iron deficiency might 
occur in the absence of anemia (3, 34, 92, 104, 105, 115). In iron-deficient 
patients, the response of symptoms to iron therapy preceded any significant 
rise in the hemoglobin level (34, 62, 76). Further, it is difficult to explain 
the tissue changes which occur in iron defidency on the basis of the anemia 
alone. The esophageal changes, which may occur in iron deficiency even in 
the absence of anemia, are reversed by the administration of iron (114, 133). 
Similarly, in young men with iron-defidency anemia, gastric achlorhydria 
will respond to iron therapy (37, 51, 95), although in some groups of older 
persons such a response does not appear to be seen (51, 93). 

In ignoring the possible role of tissue enzymes in the clinical course of 
iron deficiency, an early observation of Cohen & Elvehjem (41) suggesting 
that there might be a decrease in the cytochrome-c content of tissues from 
iron-defident rats, had been forgotten. On the other hand, the statement 
made by Hahn & Whipple (70, 71, 73) that tissue iron enzymes were “in- 
violate" even when the body's need for iron was great, has been cited 
frequently, although it lacks experimental support. Vannotti (130) has men- 
tioned that the cytochrorae-c level of iron-defidcnt experimental animals 
was low, but the first quantitative measurements in iron-deficient experi- 
mental animals Averc reported by Gublcr and assodates in three iron- 
deficient piglets (69). These authors found the levels of cytochrome-c and 
niyoglobtn to be greatly reduced in the tissues of these animals. Recently, 
we have undertaken a systematic evaluation of iron enzymes in larger num- 
bers of iron-deficient rats. It has been found that cytochrome-c was readily 
depleted from liver and kidne>’s of iron-dciident rats (10, 18), while the 
catalase content of iron-defidcnt rat livers, rat red cells, and human red 
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found to exert un interesting effect on the . ^tivit>- of iron- 

that appears to require iron as a cofaetor 

defident rat kidney was found to dedinc markedlj, cten 

mild degrees of iron depletion (11). ° however, 

with iron restored kidney acon.tase to norma! It w as , ,he 

to reactivate the enxyme in rflra by the addition %<,^,ctor 

apoenzyme Itself was not synthesized by the organism when 

was not available. This situation is perhaps analogous “ j 

dependence of apoferritln synthesis on the presence 

on the apparent dependence of the synthesis of the globin potuon o 

globin on the presence of heme (12). . 

Additional evidence has accumulated that iron ^„ldt 

hemoglobin and storage iron are affected by iron defincncy. P 
et ol. (8S) have confirmed that iron-delident rats have decreased Ussu ^ 
chrome-c levels. The examinaUon of thermally induced sweat s 
marked decrease in the iron content, both of the has 

portion (79). The study of oral mucosa! cells ol iron.deficient , 

shown morphological abnormalities which are independent d'S 

anemia (27, 81). How enzymatic changes occurring in iron dcnciencj 
the organism remains obscure. . r 

Preliminary studies in our laboratory of the oxygen 
slices of iron-defident kidneys with marked cytochrome-r depletton sn 
no decrease in oxygen consumption. Similarly, the oxygen consump » 
exercising iron-dehdent human subjects was not influenced appreaa y 
iron therapy (23). Thus, it may well be that the oxidative iron enzyme 
studied do not, even at their decreased levels in iron-deficient su 
represent the limiting step in the involved metabolic pathway. Iron 
tidpates in the economy of the body in a variety of ways. Aside^ fro ^ 
role as a part of certain enzymes having to do with tissue oxidations, iro 
may be an integral part of other enzymes and the ferrous ion may pa 
pate as a cofactor in many enzymatic reactions (5, 36, 55, 106, 12 )• 
entirely possible that it is interference with one of these functions t at ma 
be critical in the physiological effect of iron deficienc>'. The growth c 
that occur in iron-deficient subjects suggest that the lack of iron m 
interfere with certain synthetic processes. In Mycohacterium smegmo « 
has been suggested that decreased growth in iron-deficient cultures . 
from decreased synthesis of ribonucleic add (137). It is 
that the tissue effects of iron defidency in higher organisms may e m 
ated through a similar mechanism. 

Summary 

Great progress was made in the understanding of iron metal»lism be 
tween 1930 and 1950. However, it has been necessary to re-evaluate an 
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revise some of the concepts formulated during this period of time. The 
means by which the iron traverses the mucosa is not well understood. Ferritin 
seems to be formed in mucosal cells when iron is fed, but it is not clear 
v/hether its function is storage or transport. The incorporation of iron into 
ferritin and the release of iron from ferritin has been studied both in vitro 
and in vivo. Some evidence has been presented that the xanthine o.\idase 
system may play a role in release of iron from ferritin, but the physiological 
importance of this mechanism is not yet considered to be firmly established. 
The absorption of iron is increased regularly by iron deficiency, acute 
bleeding, cobalt, anoxia, and by hemolysis. It is decreased by hypertrans- 
fusion and possibly by aplastic anemia. The mechanism of control of iron 
absorption is not understood, but it is suggested that it may be dual in 
nature. The level of the iron stores of the organism seem to e.xert an influ- 
ence, but another factor, related either to bone marrow activity' or to bowel 
anoxia, also appears to play a role. Severe iron deficiency anemia cafi be 
disringuished reliably from other forms of anemia by means of clinical 
history', red cell morphology and, in obscure cases, by plasma iron and 
iron-binding capacity. Mild iron deficiency anemia can be detected most 
reliably on the basis of the examination of bone marrow for stainable iron. 
Plasma iron determination, iron-binding capacity determination, and pos- 
sibly iron-tolerance curves may be of some value. Not only are storage iron, 
plasma transport iron, and hemoglobin affected in the iron deficiency state, 
but the activities or concentrations of certain vital iron enzymes are affected 
as well. Specifically, cytochrome-c and myoglobin concentrations and the 
activity of aconitase are reduced In the tissues of iron-deficient experimental 
animals. Cytochrome oxidase and succinic dehydrogenase are affected to 
much lesser degrees. Catalase appears to be resistant to depiction in iron- 
deficient organisms. 
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BILE PIGMENT METABOLISM*'^ 

By Gerald Keatskin, M. D.* 

Department of Internal Medictne, Yale University School 
of Medicine, New Haven, Connecticut 

The bile pigments, a group of pyrrollc compounds, constitute the end 
products of the catabolism of hemoglobin and possibly other related tetra- 
pyrroles. Arising in the reticuloendothelial system, they enter the plasma to 
be excreted by the liver, ultimately leaving the body in the feces and, to a 
lesser extent, in the urine. Under a variety of conditions leading to increased 
production or faulty excretion, the pigments accumulate and stain the tis- 
sues giving rise to jaundice. Although the structure and /unction of most tis- 
sues are not affected by such staining, serious injury in the form of kernic- 
terus may ensue when the pigments gain access to the brain during the 
neonatal period. 

Great strides have been made in elucidating the metabolic pathways of 
the bile pigments and the mechanisms underlying the development of jaun- 
dice. However, as will be evident from the following review, there are still a 
number of important gaps In our knowledge. 

NORMAL BILE PIGMENT METABOLISM 

Degradation of hemoglobin to bilirubin. — Based on measurements of the 
survival in the circulation of newly-formed erythrocytes containing labeled 
hemoglobin following the administration of N'* glycine, it has been estimated 
that the life span of the normal red cell is approximately 120 days (1). On 
reaching senescence, the red cell is taken up by the reticuloendothelial sys- 
tem and destroyed, the end products being bilirubin, iron, and globin (2). 
The bilirubin is discharged into the plasma, ultimately to be excreted by the 
liver. In contrast, the iron is conseiwed for further use, some being stored 
locally in the form of hemosiderin, a ferric hydroxide polymer, while the re- 
mainder is returned to the plasma where, in combination with the 6clfli-glob- 
ulin, siderophilin, it is transported to other tissues for storage as hemo- 
siderin or as the ferrous iron-protein complex, ferritin (3). Little is known 
alxiut the fate of globin, although, on the basis of indirect evidence, it has 
been suggested that It enters a hibilc protein pool and can be rcutllizcd in 
hemoglobin synthesis (4). The view held by some (5) that globin remains at- 

* The suiA-cy of the litcnitufc pertaining to this reriew was concluded in June, 
I960. 

* The following ahbrcvbtions will be M«!ed: ATP (adenosine triphosphate); DPN. 
f^PNU (diphosphopyridinc nucleotide and reduced form); PP (inorganic p>TOphov- 
phate); UDP (uridine diphosphate); UDPG (uridine diphosphate glucose); UDrG.\ 
(uridine diphosphate glucuronic add); UTP (uridine triphosphate). 

* Supportetl by a research grant (A-714) from the National Institute of Arthritis 
®fid Metabolic Dbcascs, National Institutes of Health, U. S. Public Health Sers'ice. 
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split, off tfithiu the reticuloendothelial system at some f “ etabSis™ 1 
radation ol hemoelobln. The subsequent pathn;ay 

uncertain. Although tree globin has not been ./^ility 

methods employed have been relaUvely a^ove 

cannot be excluded that globin leaves the reUculoendothehum in 
State to be metabolized elsewhere- «,v„inhin 

The precise sequence ol events involved in the 
to bilirubin is uncertain. According to some authoirUes (7), the 
volves splitting of the molecule to yield globin and hemaon, an “ 

the trivalent-iron derivative of heme. The latter is then inverted to proto 
porphyrin IXtt by the removal of iron, tollomng which it undergoe 
tion at its a-methene bridge with loss of a carbon atom. As a res » 
porphyrin ring opens to form a straight-chain tetrapyirole, ' 

on reduction of its central methene bond, fields bilirubin (hJg- /• 
hematin can give rise to bilirubin has been established in both in vifrc f ; an 
in vko (9) experiments, and undoubtedly accounts for the inaease in 1 1- 
rubin production that occurs under pathological conditions known to e a 
compaoied by hematin formation such as in intra%'ascular hemol>si9^ I > 
some forms of advanced hepatocellular disease (11), and extravasation 
blood into the tissues or body cavities (2). However, there is no clear-cu e> 
dence that hematin is an intermediate in the catabolism of hemoglo in 
leased from senescent er>’throc>’tes undergoing destruction in the reticu o* 
endothelium, although the small fraction of bilirubin derived from sources 
other than the hemoglobin of circulating er>-throc)'tes may stem 
tin produced in the bone marrow (12, 13). Attempts to demonstrate t e co^ 
version of protoporphyrin to bile pigment in rivo by the injection oi P 
porphyrin (14), or in rilra by the coupled oxidation of protoporphynn wi 
ascorbic add, a method that jdelds bile pigments with hematin, hemog o m, 
and a -N-arietj’ of other heme deriratives (8), have met with failure, ^ 

that the presence of iron rs-ithin the porphyrin molecule may be 

clearage of its ring structure- Recently, London and his assodates ( ) 

reported that several days following the injection of O^-labeled 
rin it was possible to demonstrate a small fraction of the carbon labe ^ 
fecal bile pigments. However, as pointed out by Lemberg (16), thepossi 1 
was not exduded that iron was introduced into the protoporphyrin mo ecu ^ 
before its conversion to bilinibin- Althoueh not condusive, the e\n ei'C 


iron was inxroauceu iniw me piuiupw.*... j-— 
to bilinibin. Although not condusive, the e\n 
a\*atlable at the present time supports the \iew that protoporphjTin is not a ^ 
intermediate in the production of bile pigments from either hemoglo m o 
hematin. 

An alternative pathway for the degradation of hemoglobin that is m 
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widely accepted ha. bee„ 

According to these invesUgators, ® *“* bridee which opens the porphyrin 
moval of the carbon atom m the a-methene bridge 

ring to yield choleglobin, a green, 'T .“”“‘“"/;h'’„f,g,ob!n is converted to 
By subsequent removal of iron and globin, the cnoieg 2). It 

bMverdin which, as prevdonsly Scribed ■. .",“^''"rtat ^precise 
has not been possible to isolate choleglobin in p . ' [ ^eral that 

stmctnre is not known. The tormnia shown in Figure 2 is one 01 
have been suggested. There is a possibility that aa o^ ge jj j, 

n-methene bridge la the Initial oxidation ot ‘'’= P°"P^> ™ . (16) sug- 

removed subsequently to yield *•' ^lthln trtabW ^ 

gests that the conversion ol hemoglobin to cholcglob p this rcac- 

coupled oxidation with the ascorbic acid-glutathione system, 

don can be demonstrated in rilro under physiological mnd P 

tore, pH, oxygen tension, and hydrogen donor ""r^„p,ex, 

that, in contrast, the in tilro conversion ot hematin or ot its a tension 

methemalhumln, requires an ascorbic aad concenlrauon and ,,esis, 

that are never attained in the Ussues. As further sup^rt 

Lemberg cites the tact that he and his associates have demonstrated P 

ence of choleglobin and biliverdin in normal rabbit eiy'throcytes, an • 

amounts of these substances increase subsUntially when animals 

with phenylhydrazine, an agent known to induce in n’ro hemolysis. . 

gests that the degradation of hemoglobin may begin in j., 

erythrocytes before they are engulfed and destroyed in the ^ vi- 

thelial system. However, Gardikas and his associates (1 8) have no 

to confirm these obsePi'ations in human er>’throc>’tes, so that the impo 


of intracorpuscular degradation of hemoglobin is in doubt. 

From the relative molecular weights of hemoglobin (68,000) an 
rubin (572), and the fact that one mole of the former contains four ° ^ 

latter, it may be calculated that on degradation one gram of hemog 
yields approjdmately 34 mg. of bilirubin. Assuming that the average a 
has a blood volume of approximately 5 1. and a hemoglobin concentra ° 

15 gra. per 100 ml., and destroys almost 1 per cent of the drculating 
cytes daily as a consequence of senescence, it may be 

7.5 gm. of hemoglobin are released for degradation resulting in ^ ^ ^ 
duction of approximately 250 rag. of bilirubin. Recently, Crosby ^ 
fusing increasing amounts of hemoglobin into healthy subjects an 
ing the levels of serum bilirubin and hemoglobin attained, has emons 
that the maximum capadty of the reticuloendothelial system to , 
hemoglobin to bilirubin lies between 45 and 50 gm. of hemoglobin per 

equivalent to a daily output of approximately 1.5 gm. of bilirubin. 

Sources of biliruhin other than the hemoglobin of circulating 
Recent studies indicate that normally from 10 (12) to 30 (13) per cent ° _ 

bilirubin formed is derived from sources other than the hemoglo ° 
lating er>'throcytes that have reached the end of their life span, an 
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under patholuEical coudmons such as pernicious ^ 

porphyria (13, 21), thisfraction nray consUtute 

the total output of bile pigment. Thus, London (12) ^ subjects 

associates found that, when N'» glycine was administered to 

for two to four days. N^* was demonstrable m the ervthro- 

isolated from the feces before any of the newly-formed. .^u 3 , 

cytes containing N»-labeled hemoglobin had been destroyed. ^ 

which depicts the results in one of these experiments, it will a |y 

the curve for the concentration of N» stercobilin showed^ a 

following the administraUon of labeled glycine (Fraction I), e , 

plateau that was maintained between day 20 and day 80 (Fraction^ . 

then rose to a second peak that began at about 80 days and 

130 days (Fraction 111). Since the initial peak occurred at a Ume v. 

N>* concentration in the hemin isolated from circulating er>’throcy ^ 
just beginning to rise, i.e., as newly-formed cells containing t e a e 
- - starting to enter the circulation, and when only unlabeled cel s pro u 
days earlier were being destroyed, it is apparent that Fraction ^ ° 
bilin could not have been derived from the hemoglobin of arcu . jj 

cytes. Similarly, the latter could not have been the source o r 
since, as demonstrated in Figure 3, the concentration of N lu ® er\'th* 

this period was remarkably stable, indicating that none of the a ® ^ 

rocytes were being destroyed. In contrast, the stercobilm pea 
between the 80th and 130th days coincided with the fall in the 
of N“ hemin caused by the destruction of labeled eo’throcy'tes 
reached the end of their normal life span. Accordingly, it was reasona 
tain that Fraction 111 of stercobilin was derived from the 
circulating erythrocytes. Several possible sources for Fraction o s ® 
have been suggested: (o) heme formed in excess of globin during the sy 
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of hemoglobin; (6) intracorpuscular degradation of hemoglobin during the 
maturation of the early erythrocyte in the bone marrow; (c) destruction of 
newly-formed erythrocytes in the bone marrow before they reach the circu- 
lation; (d) direct synthesis from a metabolic pool of pyrroles; and (e) other 
heme proteins such as myoglobin, catalase, and the cytochromes (12, 13). Of 
these the first three appear most likely. With respect to Fraction II of 
stercobilin, Gray (22) favors the view that it is derived from myoglobin and 
other non-hemoglobin heme proteins. In this connection it Is noteworthy that 
Kench (8) has demonstrated the in vitro formation of bile pigments on coupled 
oxidation of ascorbic acid with myoglobin, catalase, and peroxidase, but not 
with cytochrome-c. 

Transport of bilirubin in plasma . — Bilirubin is virtually insoluble in water 
at the pH of the blood (23). However, it has a great avidity for serum albu- 
min, forming a relatively stable complex with the latter in a ratio of between 
two and three moles to one (24), a state in which it is transported in the 
plasma (6). Other proteins are capable of binding bilirubin (24) but in the 
plasma the latter appears to combine with albumin preferentially (6), al- 
though on electrophoretic analysts it is possible to demonstrate a small but 
constant amount of bilirubin in the a-globuUn fraction (25). On separating 
the plasma proteins by the Cohn method which entails fractionation in 
olcohol-water mixtures at subzero temperatures under vaiying conditions of 
pH, salt, and protein concentration, the only bilirubin-protein complex to 
survive this treatment is found in the ai-globulin of Fraction V-1 (26). Be- 
cause of its stability, Cohn (26) regarded It as the only real bile pigment-pro- 
tein in plasma. However, its concentration is so low that it cannot account 
for more than 0.05 mg. of bound bilirubin per 100 ml. 

Normally, the linkage between albumin and bilirubin is su/Hcicntly stable 
to prevent the passage of bilirubin through a scmipermeable membrane (27). 
However, certain organic anions used as drugs, such as salicylate and sulfi- 
soxazole, at concentrations achieved therapeutically^ are capable of un- 
coupling the complex and rendering the bilirubin ultrafiltrable (28). Simi- 
larly, lowering the pH of the scrum to below 5.0, as in the van den Bergh reac- 
tion, results in separation of bilirubin from albumin (6).-- ^ 

The level of bilirubin in the plasma is determined by the relative rates at 
which bilirubin enters and leaves the circulation (29). Normally the concen- 
tration lies between 0.5 and 1.0 mg. per 100 ml. The precise upper limit of 
normality is difiicult to define, since the distribution curve of values obtained 
from allegedly healthy adults is asymmetrical and skewed to the right (30), 
suggesting that a significant number of individuals in a presumably normal 
population may have unrecognized abnormalities of pigment metabolism 
(nVe infra). Based on a statistical analysts of a very large population, the 
upper limit of normal has been designated as t.5 mg. per 100 ml. (30). In 
other species, such as the dog. whose capadty for excreting bilirubin is 
greater than that of man, the plasma is Wrtually devoid of bilirubin (31). 

Uptake and excretion of htUrukin bythelker . — Bilirubin is removed from 
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the plasma and excreted in the bile excre- 

volve several distinct but ^ „ u evident from the observa- 

tion of bilirubin represent two such disunct P 

tion that foliowing an injection of “ ™b'"' ^^e bile (3 

plasma earlier and at a mote rapid rate t ^ ^ 1 ^;^), bilirubin is 

The period of delay between "“X’s. on the important inter- 

stored in the liver, appears to depenf in ^ at lea > 0 ^^^^ 

mediate step of bilirubin conjugation ™ from the plasma 

bilirubin its glucuronide is injected, the pig „ • „t;on also affects plg- 

and recovered in the bile tnAout de ay { ). ^ mutant strain of 

ment uptake and excretion. Thus, in the Gunn ^ j-c-iancy of the 

\Vlstar rat with congenital jaundice cause y “ jhe plasma 

principal conjugating enzj-me within the ive . sdrtually none is re- 

of injected unconjugated bilirubin is greatly delay conjugated bill- 

covered in the bile, while both the uptake and «creuou o con^ug^ 
rubin are normal (32, 34). Although conjugation ? „[ bnimbin, 

intermediate step that may limit either the uptake or exc ^ ;m 

thereareseveral clinical sltuatiousin which theexcrelioniab^^^^^^^^ 

a normal conjugaUng system and patent biliary J'"® ,|?ii„bln from 

active transport system may be required for the „„j„gation, 

the cell membrane facing the sinusoids, to the microsomes for J g^ 

and then to the cell membrane facing the canalicnli to' 

disturbances invoWng this mechanism may be responsible 1 „ „ / 3 s) 

jaundice. Support for this siew is to be found in the v.-ork of 

based on direct microscopic studies of the excreUon of uram , 

dye that behaves like biUmbin. From these obsen auons, . vgUal 

eluded tjiat bilirubin diffuses passively through the sinusoidal e 

cells, is concentrated close to the endothelial surface of the iver ce 

active process, diffuses passively across the cell as a consequence o 

centration gradient developed, is then actively concentrate a .. 

close to the canalicular surface, ultimately to be excreted into t e 

has stressed the unidirectional character of this process, an ^ as ^ 

strated that hepatocellular injury or biliary obstruction the 

active concentrating processes within the cell, and ultimate y a 

permeability of the cell membrane so that the polarity of the ce ^ is 

permitting the passage of bilirubin from the canaliculus to t •. the 

Weech and his associates (29) have shown that, Vi-ithm certain ^ ’ ^re 

amount of bilirubin excreted by the normal liver is proportiona o^ 

of its concentration in the plasma. This accounts for the o^ ser\ a 

that, when the rate at which bilirubin enters the drculadon is . g’^QQ. 

plasma concentration rises but soon stabilizes at a new level , un er 

ditions the rate of excretion also increases, ultimately to equa t 

nibin entering the plasma, and thus establishes a new state o 

This is an important point in connection with the level of p asma 

to be expected in hemolytic jaundice (ride tn/ra). By direct measure 
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bilirubin in the bile following its iniection intravenously, it can be shown that 
there is a limit to the excretory capadty of the liver, and that when this is ex- 
ceeded there is a progressive rise in the serum bilirubin level. In the rat, 
Wcinbren & Billing (36) found that the maximum excretory rate was 
61±8.0;xg./min./100 gm. body weight, a level reached when the serum con- 
centration exceeded 15 mg./lOO ml. Lathe & Walker (37) confirmed these ob- 
servations and pointed out that, making allowances for injury in the prepara- 
tion of liver suspensions, there was remarkable agreement in their experiment 
between the rate of bilirubin conjugation in such suspensions (0.4 mg./gm. 
wet wcight/hr.) and the maximum rate of bilirubin excretion in the intact 
animal (1.2 mg./gm. wet weight of liver/hr.). This suggests that in the nor- 
mal liver the capacity of the enzymatic conjugating system may be the 
limiting factor that determines the maximum rate of bilirubin excretion. 

Bilirubin conjugation and ike ran den Bergh reaction . — The characteristic 
coupling reaction of bilirubin with diazotized suIfaniHc acid, now known to 
involve splitting of the bilirubin molecule to form two relatively stable di- 
pyrryl azopigment molecules (38), was first described by Ehrlich in IS83 (39), 
Since Ehrlich used chloroform as a solvent for bilirubin, he found it necessary 
to add alcohol to permit solution of the othervidse immiscible aqueous re- 
agent. Fifty years later, van den Bergh & Snapper (40) applied this reaction 
to the quantitative estimation of bilirubin in body fluids, and in doing so con- 
tinued the practice of including alcohol in the reaction mixture. However, in 
1916 van den Bergh & Miiller (41) discovered, quite by accident, that alcohol 
could be omitted in carrying out the reaction in bile and in icteric sera from 
patients with obstructive jaundice, but not in aqueous alkaline solutions of 
cr>’Stalline bilirubin or in icteric sera from patients 'R-ith hemolytic jaundice. 
To these two types of reaction they applied the terms "direct” and "in- 
direct," respectively, indicating that the former required no alcohol while the 
latter did. In the four decades that ensued before the problem was solved, 
numerous theories were advanced to account for the variable behavior of 
bilirubin in the van den Bergh reaction. Of these, the two that survived the 
longest were (a) that the two types of reactions are dependent upon difTcr- 
cnccs in the linkage of bilirubin to protein, and (6) that bilirubin occurs in 
two structurally distinct forms, only one of which is capable of coupling with 
dlazonium salts in the absence of alcohol. 

Conclusive proof that the two reactions are not dependent upon differ- 
ences in protein linkage was prorided by Cole & Lathe (42) in 1953. These 
investigators succeeded in separating protein-free preparations of direct- and 
indirect-reacting bilirubin by reverse phase chromatography on eiliconc- 
tre.'ited kieselguhr, using a solvent sj'stcm of chloroform, methanol, carbon 
tetrachloride, and phosphate buffer at pH 6. The indirect-reacting pigment, 
which was soluble in organic solvents and moved down the column slowly, 
was shown to be identical with crystalline biHrubin, while the direct-reacting 
pigment which migrated more rapidly proved to be w'atcr-soluble at an add 
pH. In a subsequent study (43), these workers, in collaboration with Billing. 



BILE PIGMENT METABOLISM 


221 


tw'o molecules of azopigment on diazotization, these investigators concluded 
that Pigment II, which gives rise to azopigment B exclusively, is a diglucu- 
ronide of bilirubin, and that Pigment I, which yields both azopigment A and 
B, is a monoglucuronide. They suggested, moreover, that an ester linkage be- 
tween glucuronic add and the proprionic acid side chains was more likely 
than a glycosidic linkage through the hydroxyl groups of bilirubin, in view of 
the ease with which the conjugates were converted to free bilirubin by mild 
alkali treatment. Subsequently, Schachter (52) confirmed this impression by 
demonstrating that the direct-reacting pigment in the urine of patients with 
obstructive jaundice and the azopigment B derived from it yield hydroxamic 
adds on treatment with hydroxyalamine, a reaction characteristic of car- 
boxyl glucuronides. The structural relationships between bilirubin and its 
glucuronides and their respective azopigment derivatives are shown graphic- 
ally in Figure 4. 

Schmid (49, 53) isolated azopigments A and B from diazotized samples of 
icteric serum, urine, and bile by ascending paper chromatography, using a 
solvent system of ethyl methyl ketone, w-propr3onic add, and water. Since, 
on acid hydrolysis or incubation with /3-glucuronidase, azopigment B yielded 
equimolar amounts of azopigment A and glucuronic add, while azopigment 
A underwent no change, he reached the same conclusion regarding the struc- 
ture of the direct-reacting bile pigments as had Billing and her assodates 
(51). Talafant (50) also suggested that the latter arc glucuronidc conjugates 
of bilirubin, since he found that on paper electrophoresis of partially purified 
dog bile, the direct-reacting pigment fraction was constantly assodated with 
glucuronic add in a molar ratio of approximately 1:2. 

Billing and her assodates (51) found that from 10 to 15 per cent of the 
direct-reacting pigment in human bile was alkali-stable, suggesting that this 
fraction was not a glucuronide of bilirubin. Recently, Isscibachcr & Mc- 
Carthy (54) have confirmed this observation and shown chroma tographically 
that approximately 24 per cent of the total azopigment derivatives of the 
bilirubin in human bile resist hydrolysis by /S-glucuronidasc, and that ap- 
proximately 14 per cent is in the form of a suUatc. They suggest that the re- 
maining 9 to 10 per cent of the alkalMabilc pigment that contains neitficr 
glucuronide nor sulfate may bea carbo.xyl-Iinkcd methyl or glycine conjugate 
of bilirubin. Since the alkali-stable pigment isolated by these investigators 
possessed a free carboxyl group, as evidenced by its failure to re.act with 
hydroxalaminc, and yielded a methyl derivative on treatment N\ith diazo 
methane, they concluded that the sulfate conjugate is linked with one or both 
hydroxyl groups of bilirubin. 

The rate at which bilirubin diazotizes appears to be dependent upon its 
solubility. Undoubtedly, this accounts for the prompt direct reaction given 
by its conjugates which are freely soluble in water at the pH of the van den 
pergh reaction. In contrast, unconjugated bilirubin is only negligibly soluble 
tn water at this pH (23), and thus reacts so slowly that color development is 
Weak and gi^atJy delayed visually, although It is readily detected spectro- 
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demonstrated that by “ “’(“‘^^pStioned t^yidd two'’tracti 

baser at pH 6, the atter ecu d ^ Wtrt^ I,„,b 

desicnated Pigments I and II, b . ^ nf th** three types of 

Sron. On Lalysis the speetra. "" 

bilirubin were similar, but cou ^ azooigment derivatives 

contrast, the absorption =7“ °’.*';“L'pf“e;^^ H predominantly rrith 
were identical. Extracts of bile g . . j bile-containing 

lesser amounts of Pigment I “ the nrindP^ 

urine the pattern was similar, but bebillrubim while 

The serum bile pigment m hemolyUc jaundice pro t and II. On 

rtat in obstructive jaundice consisted of a mixture of Pigments ^ 

the basis of a subsequent study of semm pigments of ^ 
quantitative method based on the Cole-lmthe '=1’™'" ® ^ ; j^e forma- 

(44), Billing (45) concluded that Pigment I is an intermediate in 
tion'ol Pigment II from indirect-reacting bilinrbin. . curves 

It was obvious from the similianties of their spectral “bs" P 
and the fact that Pigments I and U could be converted to bitabm (4« th 
the three pigments were closely related. However, the “'Ability of P^g^^ 

I and II proved to be a stumbling block in establishing ‘be 
structural dlSerences that distinguished them. The be 

tiratlon they yielded different azopigments that “*yb'= the solu- 
separated chromalographically proved to be an important = 'P "e Kjol 
tion of this problem. Using a column of silicone-treated kie^lgu 
vent system of n-butanol, water, and citrate buffer f‘ pH 4' 
showed that the diazotization product of crystalline bilitub < P 
A) is relatively insoluble in water and. hence, moves slowlyi 
of Pigment II (azopigment B) is water-soluble and ”P''i'y;,.„ 5 .„tly, 

of Pigment I behaves as a mixture of azopigments A and B. jau ^ . 

she pointed out that, because of the asymmetrical arrangement o 
and side chains in the bile pigments, each of the azopigmen s i 
of a mixture of two isomers differing only in the position of these si 
and that although the isomers can be separated chromatograpmea J 
havior Is so similiar that they may be considered together as if t ey 
substance (47). work- 

in 1956, by a remarkable coincidence, three groups of ‘"vest g . 

ing independently in England (48), in the United States ( ), ... •_ 

Slovakia (50) simultaneously established that the a 

ment is a glucuronide of bilirubin- Billing, Cole & Lathe^ j V ^ hile by 
relatively pure preparation of azopigment B from diazoUz ^*°»-patment 
the countercurrent distribution technique, and show^ that on 
Tuith alkali or on enzymatic hydrolyas with ^-glucuronidase ^ identi- 

to azopigment A with the release of a reducing substance w ic w . 

fied chromatographically as glucuronic acid. By direct measuremen , 
found that the latter was present in the original azopigment > . 

ratio of 1:1, indicating a monoglucuronide structure. Since i iru 
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two molecules of azoplgment on dtazotizatlon, these inv'estigators concluded 
that Pigment II, which gives rise to azoplgment B exclusively, is a diglucu- 
ronide of bilirubin, and that Pigment I, which yields both azopigment A and 
B, is a monoglucuronide. They suggested, moreover, that an ester linkage be- 
tween glucuronic acid and the proprionic acid side chains was more likely 
than a glycosidic linkage through the hydroxyl groups of bilirubin, in view of 
the ease with which the conjugates were converted to free bilirubin by mild 
alkali treatment. Subsequently, Schachter (52) confirmed this impression by 
demonstrating that the direct-reacting pigment in the urine of patients Anth 
obstructive jaundice and the azopigmcnt B derived from it yield hydroxamic 
acids on treatment with hydroxyalamine, a reaction characteristic of car- 
boxyl glucuronides. The structural relationships between bilirubin and its 
glucuronidcs and their respective azoplgment derivatives are shown graphic- 
ally in Figure 4. 

Schmid (49, 53) isolated azopigments A and B from diazotized samples of 
icteric serum, urine, and bile by ascending paper chromatography, using a 
solvent system of ethyl methyl ketone, «-proprionic add, and water. Since, 
on add hydrolysis or incubation with ^-glucuronidase, azoplgment B yielded 
equimolar amounts of azopigmcnt A and glucuronic add, while azopigment 
A underwent no change, he reached the same conclusion regarding the struc- 
ture of the direct-reacting bile pigments as had Billing and her associates 
(SI). Talafant (SO) also suggested that the latter arc glucuronidc conjugates 
of bilirubin, since he found that on paper electrophoresis of partially purified 
dog bile, the direct-reacting pigment fraction was constantly assodated with 
glucuronic add in a molar ratio of approximately 1 :2, 

Billing and her associates (51) found that from 10 to 15 per cent of the 
direct-reacting pigment in human bile Avas alkali-stable, suggesting that this 
fraction was not a glucuronidc of bilirubin. Recently, Isselbacher & Mc- 
Carthy (54) have confirmed thisobscrA'ation and shoAvn chromatographically 
that approximately 24 per ccrit of the total azopigmcnt derivatives of the 
bilirubin in human bile resist hydrolysis by 0-glucuronidasc, and that ap- 
proximately 14 per cent is in the form of a sulfate. They suggest that the re- 
maining 9 to 10 per cent of the alkali-Iabtle pigment that contains neither 
glucuronide nor sulfate may be a carboxyl-linked methyl or glycine conjugate 
of bilirubin. Since the alkali-stable pigment isolated by these investigators 
possessed a free carlmxyl group, as cWdcnced by its failure to react with 
hydroxalaminc, and jncldcd a methyl derivative on treatment Avith diazo 
methane, they concluded that the sulfate conjugate is linked with one or both 
hydroxyl groups of bilirubin. 

The rate at which bilirubin di’azotizcs appears to be dependent upon its 
solubility. Undoubtedly, this accounts for the prompt direct reaction given 
by its ojnjugatcs which are freely soluble in water at the pH of the van den 
flergh reaction. In contrast, unconjugated bilirubin is only nepURibly soluble 
in water at this pH (23), and thus reacts so slowly that color development is 
weak and greatly delayed visually, although It is readily detected speciro- 
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two molecules of azoplgment on diazotization, these investigators concluded 
that Pigment II, which gives rise to azopigment B exclusively, is a diglucu- 
ronide of bilirubin, and that Pigment I, which yields both azopigment A and 
B, is a monoglucuronide. They suggested, moreover, that an ester linkage be- 
tween glucuronic acid and the propriomc acid side chains was more likely 
than a glycosidic linkage through the hydroxyl groups of bilirubin, in view of 
the ease with which the conjugates were converted to free bilirubin by mild 
alkali treatment. Subsequently, Schachter (52) confirmed this impression by 
demonstrating that the direct-reacting pigment in the urine of patients with 
obstructive jaundice and the azopigment B derived from it yield hydroxamic 
acids on treatment with hydroxyalamine, a reaction characteristic of car- 
boxyl glucuronides. The structural relationships between bilirubin and its 
glucuronides and their respective azopigment derivatives are shown graphic- 
ally in Figure 4. 

Schmid (49, 53) isolated azopigments A and B from diazotized samples of 
icteric serum, urine, and bile by ascending paper chromatography, using a 
solvent system of ethyl methyl ketone, w-proprionic add, and water. Since, 
on acid hydrolysis or incubation with /J-glucuronidase, azopigment B yielded 
equimolar amounts of azopigment A and glucuronic add, while azopigment 
A underwent no change, he reached the same conclusion regarding the struc- 
ture of the direct-reacting bile pigments as had Billing and her associates 
(51). Talafant (SO) also suggested that the latter arc glucuronidc conjugates 
of bilirubin, since he found that on paper electrophoresis of partially purified 
dog bile, the direct-reacting pigment fraction was constantly associated with 
glucuronic add in a molar ratio of approximately 1 :2. 

Billing and her assodates (51) found that from 10 to IS per cent of the 
direct-reacting pigment in human bile w'as alkali-stable, suggesting that this 
fraction was not a glucuronidc of bilirubin. Recently, Isselbacher & Mc- 
Carthy (54) have confirmed this obsm'ation and shown chromatographicaily 
that approximately 24 per cent of the total azopigment derivatives of the 
bilirubin in human bile resist hydrolysis by /5-glucuronidasc, and that ap- 
proximately 14 per cent is in the form of a suUatc. They suggest that the re- 
maining 9 to 10 per cent of the alkali-Iabilc pigment that contains neither 
glucuronidc nor sulfate may be a carboxyl-linked methyl or glycine conjugate 
of bilirubin. Since the alkali-stable pigment isolated by these investigators 
possessed a free carboxyl group, as evidenced by Its Liilure to react with 
hydroxaiamine, and jicldcd a methyl derivative on treatment with diazo 
methane, they concluded that the sulfate conjugate is linked with one or both 
hydroxyl groups of bilirubin. 

The rate at which bilirubin diazotizes appears to be dependent upon its 
solubility. Undoubtedly, this accounts for the prompt direct reaction given 
by its conjugates which arc freely soluble in water at the pl{ of the van den 
Bcrgh reaction. In contrast, unconjiigated bilirubin is only negligibly soluble 
in water at this pU (23), and thus reacts so slowly that color development is 
Weak and greatly delayed visually, although jt is readily detected spectro- 
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photometrically (55). Presumably, alcohol facilitates its prompt diazotiza- 
tion by increasing its solubility, ance other methods that facilitate solubility 
of unconjugated bilirubin in the van den Bergh reaction mixture such as bile 
salts (56) or any solvent miscible in both water and chloroform (57), raising 
the pH of the reaction mixture (58) or esterifying the bilirubin with taurine 
(59), are as effective as alcohol. Billing and her associates (51) have found 
that ethanol is required for the complete coupling of Pigment I eluted from 
kieselguhr columns. However, Schachter (60) reports that, at least in plasma, 
bilirubin monoglucuronide couples completely in the absence of ethanol. 

Since chromatographic methods for fractionating bilirubin in body fluids 
are too cumbersome for routine use clinically, colorimetic measurement of the 
direct van den Bergh reaction is still widely employed in estimating the con- 
centration of conjugated pigment. Despite the fact that the latter method 
was devised long before the conjugates of bilirubin were isolated and char- 
acterized, and the fact that the results are influenced by the time allowed for 
coupling (61), the concentration of unconjugated bilirubin (55), the pH (62), 
the protein concentration (62), and the amount of diazotized sulfanilic acid 
used (62), it provides a reasonable approximation of the total amount of con- 
jugated bilirubin estimated chromatographically. Some uncertainty still 
exists regarding the optimal time allowed for coupling. Billing (44) has 
found that the values obtained colorimetrically in the direct van den Bergh 
reaction at the end of 30 min., the interval recommended by Malloy & 
Evelyn (63), correlate more closely with the results of chromatography than 
those obtained at the end of 1 mtn., the intcrv'al recommended by Ducci & 
Watson (64). However, as pointed out by Watson (65), the preliminary sepa- 
ration of the bile pigments from protein required in the chromatographic 
method results in some loss of conjugated pigment in the protein precipitate, 
so Chat it cannot be used for evaluating the accuracy of other methods. Ob- 
viously the problem of the correct coupling time in the direct \'an den Bergh 
reaction will not be resolved until careful studies of the kinetics of the reac- 
tion have been carried out on purified samples of the bilirubin conjugates 
under conditions obtaining In the body fluids. 

Normal serum contains a small fraction, usually 0.2 mg. per 100 ml. or 
less, that reacts directly within 1 min. in the van den Bergh reaction (64). It 
is not clear whether this represents conjugated pigment or is the fraction of 
unconjugated bilirubin that couples in the absence of alcohol. The fact that 
the injection of crystalline bilirubin into healthy subjects results in a delayed 
rise in the direct-reacting pigment of the serum that exceeds the small rise 
(approximately 3 per cent) when bilirubin is added to serum in rilro, sug- 
gests that under normal conditions small amounts of conjugated pigment 
may regurgit.aie into the blood from the bile. Unfortunately, it has not been 
possible to isolate and characterize this fraction chromatographicaHy, since 
the mcthotl is insensitive to such low concentrations. 

Enzymatic conjugalian oj W/imWn.— Soon after the structure of direct- 
reacting bilirubin was identified, a number of workers (37, 57, 66, 67) re- 
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tissues. A similar shift of pigment from the serum to the spinal fluid and 
muscles following intravenous sodium glucuronate has been observed in nor- 
mal rabbits infused with bilirubin (71). Driscoll et al. (72) report that the ad- 
ministration to dogs of borneol with glucuronolactone-l-C'* results in label- 
ing of a small fraction of the borneol glucuronide recovered from the urine, an 
effect that is not seen when glucuronolactone-6-C^* is used. They conclude 
that glucuronolactone-l-C^* is not incorporated directly, but undergoes deg- 
radation to fragments that condense to form glucose, which ultimately 
makes its way into UDPGA. Brown tt at. (73) have found that liver homog- 
enates from newborn guinea pigs defirient in glucuronyl transferase are 
capable of conjugating o-aminophenol in the presence of glucuronic acid, 
sodium glucuronate, or glucuronolactone, provided ATP is added. Since 
glucuronidase, an en 2 yme known to be present tn high concentration in the 
newborn, decreases the conjugation of o-aminophenol when UDPGA scrv'es 
as the glucuronide donor, and since this effect is reversed by both sodium 
glucuronate and known ^-glucuronidase inhibitors, these authors suggest that 
glucuronic acid may enhance the activity of the UDPGA-glucuronyl trans- 
ferase system by inhibiting ^-glucuronidase. This appears unlikely in view of 
the observation that in the absence of glucuronyl transferase, 4'methyl um- 
belUferone will conjugate with glucuronic acid when incubated with ATP, 
UTP, and a soluble fraction of rat liver homogenate, an effect interpreted by 
Arias and his colleagues (74) as evidence supporting an alternative pathway 
of glucuronide conjugation. Whether or not this pathway is operative in vivo 
remains to be determined, but certainly the preponderance of evidence sug- 
gests that the major, and possibly the only, mechanism for glucuronide con- 
jugation is the previously described shift of glucuronic acid from UDPGA to 
a suitable receptor by glucuronyl transferase. 

The problem of whether or not the glucuronyl transferase involved in the 
conjugation of bilirubin is specific has not been resolved. Lathe & Walker 
(37) report that among different animals there is no parallelism between the 
in vitro capacities of the liver to conjugate bilirubin and o-aminophenol. 
Also, as shown by Arias & Johnson (32), the infusion of N-acctyl-/>-amino- 
phcnol, another glucuronide receptor, docs not competitively inhibit the 
conjugation of bilirubin in vivo, as judged by the plasma clearance and biUar>’ 
excretion of injected bilirubin. These findings suggest that bilirubin and other 
Jiglyconcs may require different transferases for conjugation. However, a 
number of observations on the response of the liver to other glucuronide- 
blnding compounds support the contrar>* view that the activity of the 
enzyme may be non-specific. Thus, («) borneol Inhibits the synthesis of 
bilirubin glucuronide by r.nt Hver homogenates (57); (b) the liver of the Gunn 
rat with an hereditary deficiency' of bilirubin glucuronyl transferase activity 
shows a parallel defect in its capacity to conjugate o-aminobcnroic arid and 
menthol in riro and o-aminophenol in vitro (34, 75); and (c) children and 
adults with congenital non-hcmolytic jaundice of the Crigler-Najjar type 
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that Pigment I is an intermediate in the formation of Pigment II from bili- 
rubin, and that this step in the conjugation occurs in the liver. Unfortunately, 
in none of the experiments on hepatectomized animals cited was it established 
biochemically that Pigment I and the traces of Pigment 11 found in the 
serum were the monoglucuronide and diglucuronide of bilirubin, respectively. 
Since glucuronide and non-glucuronide conjugates cannot be differentiated 
by the chromatographic methods used in these experiments (48, 54, 59), the 
possibility cannot be excluded that the conjugates of bilirubin formed follow- 
ing hepatectomy were not glucuronides. 

Grodsky & Carbone (57) have shown that in vitro kidney and, to a lesser 
extent, brain but not other tissues, are capable of conjugating bilirubin to a 
direct-reacting pigment in the presence of boiled liver extract. However, in 
these experiments, too. It was not established that the conjugate formed was 
a glucuronide. Since kidney tissue can conjugate other aglycones with glucu- 
ronide (81), it is reasonable to assume that it can do so with bilirubin, but 
there is a real need to establish this point unequivocally, since it may be a 
factor to be considered in interpreting the significance of the monoglu- 
curonideof bilirubin found in the serum of jaundiced patients. 

Using 4-mothy1 umbelliferone as a glucuronide receptor, Arias, Lowy & 
London (74) have demonstrated the presence of gJucuronyJ transferase in the 
scrum under conditions of hepatic necrosis, both in onimals and in man. That 
this enzyme is capable of conjugating bilirubin has been confirmed in in vitro 
experiments on serum obtained from rats given carbon tetrachloride (82). If 
it can be established that the enzyme is also active in vivo, cither in thedreu- 
latjon or in tissues other than the liver, this may account, in part, for the 
paradoxically high levels of conjugated bilirubin found in the serum in 
hepatic necrosis when glucuronyl transferase activaty in the liver is depressed 
(83). Of interest in this connection is the observation that the decline in 
hepatic transferase activity that follows liver damage results from a loss of 
vmymc’COjJtainhg microsomcs rather than from a reduction In their enzyme 
content (83). This raises the question of whether the transferase activity 
demonstrable in the scrum is attributable to circulating microsomcs or to the 
presence of the enzyme in some solubilized form. 

Fate oj bilirubin. — In the Intestinal tract, bilirubin, as a consequence of 
bacterial action, undergoes a scries of reductive reactions leading to tlie for- 
mation of two groups of compounds known collectively as the “urobilino- 
gens" (84). These include (a) the colorless urobilinogens which characteris- 
tically react with Ehrlich’s aldehyde reagent to yield red aldehyde com- 
plexes, and (b) their colored oxidation products, the urobilins, which, on mix- 
ing with Schlcsinger’s solution (zinc acetate in alcohol), yield zinc complexes 
with an intense green fluorescence. As illustrated in Figure 5, bilirubin is re- 
duced successively to mcsobilirubin, dihydromcfobiUrubin, and finally to i!ie 
two colorless urobilinogens, mesobiUrubinogen anil stcrcobilinogcn. To a 
variable degree, these arc then oxidized to their respective urobilins, i-urobilln 
that is optically inactive, and I-stcrcobilin that is lcvorotator>'. The precise 
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the discussion to follow, some forms of jaundice do not lend themselves to 
this classification and must be considered separately- 

Surprisingly little is known about the process of tissue staining in jaun* 
dice. However, there is some evidence to indicate that it entails a transfer of 
bilirubin from plasma albumin to tissue proteins, and especially to those of 
elastic tissue (100). As shown by Klein (101), this can be demonstrated trt 
vivo by comparing the features of equal-sized wheals induced in the skin of 
patients with mild hyperbilirubinemia by injecting histamine in one site and 
the patient's own serum in another. Invariably the histamine-induced wheal 
becomes more deeply icteric, develops a higher bilirubin content, and re- 
mains pigmented longer. It is unlikely that the difference is attributable to a 
higher concentration of serum albumin In the histamine wheal, since applica- 
tion of a tourniquet above the site of histamine injection prevents local bile 
staining but not wheal formation. By the same technique, it has been shown 
that the skin stains more readily with direct-reacting bilirubin than the in- 
direct-reacting type (101), which is in accord with the clinical observation 
that, at any given serum level of bilirubin, jaundice tends to be more intense 
in obstructive than in hemolytic jaundice: presumably this arises from the 
greater solubility of bilirubin glucuronide in the body fluids. The braio, in 
contrast to other tissues, at least in the newborn with kernicterus, ap- 
pears to have a greater avidity for unconjugated bilirubin, a circumstance 
generally attributed to the greater solubility of the latter in lipids (102). Re- 
cently, it has been shown that, in the course of exchange transfusions in in- 
fants with marked non-hemolytte hyperbilirubinemia, more bilirubin is re- 
moved than can be accounted for in the circulation (103, 104). It is evident, 
therefore, that bilirubin in the tissues promptly returns to the circulation as 
its concentration in Che plasma falls. 

BUiruhinurio.'^'ThQ factors governing the renal excretion of bilirubin are 
poorly understood. Normally, the urine contains no bilirubin although under 
some circumstances traces are delectable at normal scrum levels (61). Char- 
acteristically, bilirubin appears in the urine when its concentration in the 
plasma is raised by biHar>’ obstruction or hepatocellular disease, but not when 
the hyperbilirubinemia is of hemolytic origin. This difference has been at- 
tributed to the fact that the scrum bilirubin is conjugated In the former and 
unconjugated in the latter, on the assumption that because theglucuronidcs 
are more soluble in water they are more readily excreted (49, SI). Consistent 
With this interpretation is the observ'ation that the bilirubin found in urine is 
predominantly of the conjugated type (49, Si). However, the fact that the 
amount excreted is not closely correlated wlh the concentration of direct- 
reacting pigment in the scrum (61) suggests that other factors may be in- 
volved. In this connection it is noteworthy that at the onset of liral hepatitis 
bilirubin may appear in the urine at minimally clci-atcd levels of direct- 
tcacting bilirubin in the scrum, while during con\’alcscencc it often fails to do 
80 at levels several times higher (105). Possibly, discrepancies such as these 
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intradsternal injections of ^-chloromerciiribenEoate in rabbits facilitates the 
transfer of protein and unconjugated bilirubin into the CSF (113). 

Kernicterus . — Newborn infants with high levels of unconjugated bilirubin 
in the scrum are subject to a neurological disorder that usually makes its ap- 
pearance on the second day of life and often is fatal (1 14). Characteristically, 
pigmentation and degenerative changes are demonstrable in the basal gan- 
glia and other areas of the brain. The pigment in these areas has been identi- 
fied as unconjugated bilirubin (115, 116). Since it has been shown that the 
occurrence of kernicterus is closely correlated with the level of unconjugated 
bilirubin in the serum (114), that lowering the level by exchange transfusion 
usually prevents its development (114), and that the pigment is capable of 
uncoupling oxidative phosphorylation in the isolated mitochondria of liver 
and brain tissue (113) and of depressing the oxygen uptake of minced brain 
(117), it is generally agreed that the neurological lesions are probably caused 
by the direct toxic effect of bilirubin. The readiness with which unconjugated 
bilirubin gains access to brain tissue has been attributed to its lipid solubility 
(102) and affinity for certain brain Kptds (115), and to the relative permeabil- 
ity of the faloodibrain barrier to this pigment in the newborn (113, 118). Al- 
though traces of conjugated bilirubin have been identified in the brain lesions 
(115), kernicterus has not been encountered in newborn infants with very 
high levels in the serum (115). The#« effects of conjugated bilirubin on 
brain tissue have not been investigated. Accordingly, the question of whether 
or not this pigment can penetrate and injure the brain has not been resolved. 
However, this is of academic interest only since high scrum levels of con- 
jugated bilirubin are rarely encountered during the first few days of life when 
the infant is susceptible to kernicterus. 

Kernicterus occurs not only in association with the increased hemolysis 
of isoimmunization, but also under other conditions that (c) fawr the accu- 
mulation of unconjugated bilirubin, such as immaturity of the bilirubin-con- 
jugating system of the liver {vide infra), liver damage, and other types of 
hemolysis; (i) increase the permeability of the bloodibrain barrier; or (c) 
favor the dissociation of bilirubin from albumin in the plasma. The prema- 
ture infant is particularly susceptible (119, 120) probably because of the im- 
maturity of both its bilirubin-conjugating system (121, 122) and blood: brain 
barrier (113, 118). Of interest in this connection is the fact that the Gunn rat 
with a hereditary dcfidency of glucuronyl transferase also develops typical 
kernicterus (70). The administration of large doses of some water-soluble 
'at.amin K analogues to premature infants (123) raises the serum bilirubin 
level in these infants and increases their susceptibility to kernicterus. Al- 
though the precise mechanism has not been established, it is known that 
these agents induce hemoij'sis (124) and hepatic injurj' (125) in animals. 
Premature infants given su!fisox.izolcalsoshowan enhanced susceptibility to 
kernicterus, but the latter usually develops at relatively low levels of scrum 
bilirubin (126). In the light of Odell's work (28), it is highly probable that this 
agent interferes with the binding of bilirubin by scrum albumin and thus 
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phalein through the hepatic cells and then alters their permeability, resulting 
in the regurgitation of bile from the canaliculi. This is the first successful at- 
tempt to reproduce cholestatic jaundice in animals. With this model it 
should be possible to study the mechanism involved in even greater detail. 

The centrilobular coarsely granular pigment in the Dubin-Johnson syn- 
drome resembles the lipochromes but tends to be coarser and shows slightly 
different staining properties (137). In the T^uiter’s experience, these granules, 
except for their size, are indistinguishable from those seen in normal livers as 
described by Post and his associates (147). Of particular interest in this con- 
nection is the report of Wolf et at. (148) that in two families with the Dubin- 
Johnson syndrome the amount of pigment found in affected members varied 
considerably and in some was indistinguishable from that found in normal 
livers. This suggests that the Dubin-Johnson pigment may represent normal 
pigment that has accumulated as a result of the same defect in transport re- 
sponsible for the retention of bilirubin. Also, it brings up the interesting pos- 
sibility that the Rotor syndrome may be a variant of the Dubin-Johnson 
syndrome in which pigment fails to accumulate. 

Although the occurrence of the Dubin-Johnson and Rotor syndromes in 
families is well documented, the hereditary nature of these disorders has by 
no means been established. The possibility that at least some are acquired 
and that environmental factors may be involved, has not been excluded. In 
this connection it is noteworthy that the Dubin-Johnson syndrome occurs 
sporadically more often than it does as a familial disorder (157), that not in- 
frequently the onset is acute with symptoms suggestive of Wral hepatitis 
even in familial cases (149), and that the disease may have its onset very late 
in life (150). 

Jaundicc with Predosii.vantly Ukconjucatcd 
Bilirudjn in the Serum 

Hctnalyltc jaundice . — If the rate of biUrubm production is accelerated by 
increased hemolysis, the pigment load may ultimately exceed the excretory 
capacitj' of the liver, resulting in bilirubin retention and jaundice. According 
to some authorities (128), the normal functional reserve of the liver is so 
great that rarely, if ever, is bilirubin retained as a result of hemolysis unless 
liver function is impaired. Estimates of the relative capacities for bilirubin 
production and excretion support this view in part, but indicate that, under 
some circumstances, it is possible to raise the scrum bilirubin level slightly 
by increasing the pigment load in the absence of hepatic dysfunction. Wccch 
and his associates (29) found that the velocity constant for bilirubin excre- 
tion in most normal subjects ranges from 5 to 10X10"* mg. per minute per 
nig.*of plasma concentration per 100 ml. of plasma. From this it may be esti- 
njated that a normal adult with a plasma X’olumeof 3 I. and a bilirubin con- 
centration of 1,0 mg. per 100 ml. is capable of excreting 220 to 440 mg. of 
bilirubin per day. Considering that the normal production of bilirubin is ap- 
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phalein through the hepatic cells and then alters their permeability, resulting 
in the regurgitation of bile from the canaiiculL This is the first successful at- 
tempt to reproduce cholestatic jaundice in animats. With this model it 
should be possible to study the mechanism involved in even greater detail. 

The centrilobular coarsely granular pigment in the Dubin-Johnson syn- 
drome resembles the lipochromes but tends to be coarser and shows slightly 
different staining properties (137). In the writer’s experience, these granules, 
except for their size, are Indistinguishable from those seen in normal livers as 
described by Post and his associates (147). Of particular interest in this con- 
nection is the report of Wolf el al. (148) that in two families with the Dubin- 
Johnson syndrome the amount of pigment found in affected members varied 
considerably and in some was Indistinguishable from that found in normal 
livers. This suggests that the Dubin-Johnson pigment may represent normal 
pigment that has accumulated as a result of the same defect in transport re- 
sponsible for the retention of biHrubin. Also, it brings up the interesting pos- 
sibility that the Rotor syndrome may be a variant of the Dubin-Johnson 
syndrome in which pigment fails to accumulate. 

Although the occurrence of the Dubin-Johnson and Rotor syndromes in 
families is well documented, the hereditary nature of these disorders has by 
no means been established. The possibility that at least some are acquired 
and that enrironmcntal factors may be involved, has not been exclud^. In 
this connection it is noteworthy that the Dubin-Johnson syndrome occurs 
sporadically more often than it does as a familial disorder (137), that not in- 
frequently the onset is acute with symptoms suggestive of riral hepatitis 
even in familial cases (149), and that the disease may have its onset very iatc 
in life (150). 

Jaundice with Predominantly Unconjugated 
Bilirudin in the Serusi 

Hemolyiic joundice.-~iS the rate oS bilirubin production is accelerated by 
increased hemolysis, the pigment load may ultimately exceed the excretory 
capacity of the liver, resulting in biUrubtn retention and jaundice. According 
to some authorities (128), the normal functional reserve of the liver is so 
great that rarely, if ever, is bilirubin retained as a result of hemolysis unless 
liver function is impaired. Estimates of the relative capacities for bilirubin 
production and excretion support this view in part, but indicate that, under 
some circumstances, it is possible to raise the scrum bilirubin level slightly 
by increasing the pigment load in the absence of hepatic dysfunction.Wccch 
and his associates (29) found that the velocity constant for bilirubin excre- 
tion in most normal subjects ranges from 5 to 10X10“* mg. per minute per 
nig*’ of plasma concentration per 100 ml. of plasma. From this it may be esti- 
mated that a normal adult with a plasma \’oIume of 3 I. and a bilirubin con- 
centration of 1.0 mg. per 100 ml. is capable of excreting 220 to 440 mg. of 
bilirubin per day. Considering that the normal production of bilirubin is ap- 
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lirubinemia reached during the neonatal period, especially in the premature 
infant. These have been alluded to in the section on kernicterus, and are con- 
sidered in detail in a recent review by Lucey (120). .... . f 

Non-hemolytic "over production'" jaundice . — Hyperbilirubinemia of tne 
indirect-reacting type and mild jaundice are common findings m Per^aous 
anemia (7). Since the life span of the red ceils is shorter than normal (164) 
and the excretion of urobilinogen is abnormally high (7), it is generally agreed 
that increased hemolysis is one of the factors involved in the retenUon of 
bilirubin in this disease. However, as pointed out previously, at least 40 per 
cent of the bile pigment excreted by individuals so affected is deriv^ed from 
sources other than the hemoglobin of circulating eryt rocytes ' 
quite possible, therefore, that overproduction of bilirubin unrelated to 
hemolysis may contribute to the development of jaundice in perniaous 


anemia. . , . 

Recently, Isrnels nnd his associates (165) have invoked the same mecha- 
nism to account for an unusual form of indirect-reacting hyper i iru memia 
which they encountered in four individuals, three of whom were members of 
the same family. They termed the disorder “shunt hyperbdirubmeroia, 
emphasizing the concept that the overproduction of bilirubin m these c«es 
occurred over some pathway that did not involve the break ° 
globin in circulating erythrocytes. The features of the disorder which, in all 
four cases, had its onset during the second decade, were ind^istingulshable 
from those of congenital hemolytic jaundice and included mdirect-reacting 
hyperbilirubinemia, spherocytosis, reticulocylosis, increased osmouc fragil- 
ity, normoblastic hyperplasia of the marrow, a shortened Cr* red cell sur- 
vival time, greatly increased fecal urobilinogen ezcrcuon, and splenomegaly. 
However, the response to splenectomy was quite atypical in that it abolished 

excessive hemolysis, as evidenced by a return of the Cr“ red ce survive ime 

to normal, but failed to correct any of the other abnormalities. In contrast to 
the usual postsplcnectomy findings in congenital hemolytic jaundice, these 
patients continued to exhibit hyperbilirubinemia and a high output of uro- 
bilinogen in the apparent absence of e.xccssivc red cell destruction, suggesting 
an overproduction of bilirubin from some other source. In one case, it was 

estimated that the latter accounted for no less than 75 per cent o t c oa 


pigment excreted. . , , , 

Although the evidence presented makes it highly improbable that the ex- 
cess bilirubin found in Israels' patients was derived from arculaUng cry thr<^ 
cytes, it is perhaps a bit premature to speak of a "shunt mechanism, which 
implies an alternative pathway for bilirubin production, since the bilirubin 
may have been derived from the hemoglobin of erythrocytes or younger red 
cells destroyed in the bone marrow. In view of the typical hematological and 
biochemical features they exhibited, it is difficult to exclude the possibility 
that these patients had classical congenital spherocyuc hemolytic jaundice. 
If such was the case, the persistence of normoblastosis in the marrow and 
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reticulocytosis m the peripheral blood after splenectomy would ha%'e to be 
interpreted as eridence of continued excesrive hemolysis. The only i^ay this 
could occur without lowering the Cr** red cell survival time would be if 
erythrocytes or younger red cells were destroyed in the marrow before getdng 
into the circulation. Of course, this same line of reasoning could be applied in 
the case of pemidous anemia and congenital porphyria, so that it is by no 
means established that the bilirubin derived from sources other than the 
drculating erythrocytes is produced by a process that does not in%-olve the 
degradation of hemoglobin. 

Production of biUrubln In excess of that expected from the destruction of 
drculating erythrocytes may be a more common phenomenon in hemolytic 
and other disorders assodated aath eiy’throld hyperplasia than is generally 
recognized. Concdvably, this is one of the mechanisms responsible for the 
type of non-hemolytic hyperbilirubinemia seen occasionally in association 
uath hepatosplenomegaly and Increased urobilinogen excretion folloiving 
dral hepatitis (16S, 166). However, since the clearance rates for bilirubin and 
bromsulpfaalein usually are reduced in such cases, it is eWdent that impair* 
ment of excretion also plays a rote. 

Familial and hereditary forms of non^hemolytU, non^obslrucitre jaundice . — 
Three familial disorders characterized by retention in the plasma of uncon* 
jugated bllirubta in the absence of Increased hemolysis or o\ert li\er dlse^ 
have been described: (o) congenital familial non*hemol}'tic jaundice %'ith 
kemicteros [Crigler & Najjar (76)}; (6) transient familial hyper biUrubinexaia 
ILuccy Sc Driscoll (167)}; and (c) constitutional hepatic dysfunction, also 
known as Gilbert’s syndrome, simple familial cholemia, icterus intcrnuticns 
juvenilis, hereditary non-hemolytic bilirubinemia, and familial oon-hcoo- 
lytic jaundice (163). To avoid this confusing and cumbersome ternunology, 
these are designated as the Criglcr-Najjar, Lacey-Driscoll, and Gilbert syn* 
dromes, respectively, for the purposes of this discussion. 

The hereditary nature of the Crigler-Najjar syndrome has been estab- 
lished (76, 78). Although the Lucey-Driscoll syndrome is seen in successive 
newborn infants of certain women, there is as yet no erideacc to indicate that 
its occurrence is necessarily genetically determined (169). it is clear from 
cent studies (I6S, 170) that a number of disorders, only some of which are 
familial, may give rise to Gilbert's syndrome. For that reason, Gilbert ssyo* 
drome will be considered separately. 
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tensely jaundiced with a serum bilirubin level of approximately 25 mg. per 
100 ml., he was otherwise well and had developed normally. In the same re- 
port, Childs & Najjar describe still another case from a fourth related family, 
a two-year-old child who had been icteric since birth, but who was otherwise 
well. Rosenthal and his associates (172) have studied a six-year-old boy with 
the same disorder in whom signs of kernicterus did not appear until the age of 
three. In the case reported by Jervis (173), intense jaundice and neurological 
signs consistent with kernicterus became apparent in infancy, and then per- 
sisted until the patient’s death at the age of 44. There was no family history 
of jaundice in this instance, but the paternity of the patient was in doubt. 
For reasons that will be evident later, it ts quite possible that the two cases 
reported by Arias & London (67), as instances of Gilbert’s syndrome with 
high levels of bilirubin in the serum, also belong in this category. 

Investigation of patients with the Crigler-Najjar syndrome has demon- 
strated that their jaundice results from impairment of bilirubin excretion as 
a consequence of an hereditary glucuronyl transferase deficiency. Thus, it 
has been shown that homogenates of liver from affected individuals fail to 
conjugate bilirubin in vitro (173), and that the ability of such patients to form 
glucuronidcs in vivo with other aglycones such as salicylates (78), N-acctyl- 
P-aminophenol (77), trichlorcthanol (78), and tetrahydrocortisonc (77, 78), 
is impaired. Other observations that support this interpretation arc: (a) the 
only pigment found in the serum ts unconjugated bilirubin (77){ (b) no con- 
jugated bilirubin is detectable in the bile (77); (r) bilirubin tolerance is 
greatly impaired (76); (d) there is no hematological or biochemical evidence 
of increased hemolysis (76); and (e) both functionally and histologically the 
liver is normal (76). 

Although the parents of children with the CrigJcr-Najjar syndrome ex- 
hibit neither hyperbilirubinemia nor neurological abnormalities, their ability 
to conjugate test substances, such as salicylates, with glucuronic acid usually 
IS impaired, but not as greatly as in their affected children (78). This has Jed 
Childs and his associates (78) to propose that (o) the Criglcr-Najjar syn- 
drome is genetically determined; (&) individuals affected with the disease are 
homozygous while both their parents are heterozygous for the mutant gene; 
and (c) the gene is recessive nith respect to jaundice but shows incomplete 
dominance with respect to glucuronidc conjugation of test substances. 

The Lucey-Driscoll syndrome (167) is a form of intense but transient 
jaundice that affects newborn infants of mothers who, although apparently 
normal in other respects, have generally produced more than one infant with 
the same disorder. Characteristically, the serum bilirubin is of the indirect- 
reacting type and reaches very high levels, usually between 20 and 60 mg. 
per 100 ml. Kernicterus is a common complication unless exchange transfu- 
sions arc carried out. In infants who survive, the serum bilirubin falls to a 
normal level within the first month of life. In many respects, this jaundice re- 
sembles neonatal jaundice but none of the factors known to predispose to 
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nemia of Gilbert’s syndrome is the consequence of impaired bilirubin excre- 
tion attributable to a deficiency of glucuronyl transferase in the liver. Sub- 
sequently Arias. Lowy & London (74) confirmed these observations in six 
similar patients with serum bilirubin levels ranging between 1.8 and 22 mg. 
per 100 ml.; in this study they used the conjugation of 4-methyl umbelli- 
ferone with glucuronide by homogenates of needle biopsy specimens of the 
liver as an index of glucuronyl transferase activity. In contra^, neit er 
Schmid & Hammaker (176), using N-acetyl-p-aminophenol, nor Foulk and 
his colleagues (168), using menthol, were able to demonstrate any e ect in 
the in vivo conjugation of these compounds with glucuronide in patients wit 
relatively low levels of serum bilirubin. Schmid & Hammaker ( ) con 

eluded that the defect in Gilbert’s syndrome is not a deficiency of glucuronyl 
transferase, but may involve a faulty mechanism for the transport of biU- 
rubin from the plasma to the site of the conjugating enzyme e 

hepatic cells. They pointed out that the serum bilirubin levels in Anas and 
London's cases were very much higher than those usually seen in i cr 

syndrome, and suggested that these may have been examples of t nger 

Najjar syndrome. Although Schiff & Billing (177) agree with the view that 
the glucuronyl transferase system is normal in Gilbert s syndrome par i 
larly In view of the predominance of Pigment II in the bile an t e nor 
excretion of urobilinogen in the feces, they point out that m vn-o 
ethereal-forming glucuronide receptors, such as N-acctyUp-aminop 
menthol, may not be a valid measure of bilirubin glucurony rans 
activity, since the latter entails the formation of an ester glucurom 
recent report, Arias (170) has attempted to reconcile these conflicting - 
points. He suggests that Gilbert's syndrome comprises a heterogeneous g p 
of disorders, onlv one of which is associated with a deficicn^cy o g 
transferase. The latter is probably a non-Iethal variant of 
syndrome without kernicterus, has its onset in childhood, an usua > 
companied by serum levels of bilirubin in excess of 5 mg. per ■ 

though occasionally lower levels arc seen. In the remaining cases o \a 

etiology, glucuronyl transferase activity is normal. 

What conclusions arc to be drawn about the etiology an ^ pa , 

Gilbert’s syndrome depends entirely upon how the disorder is ® ^ 
term is used broadly to include all instances of indirect- > per i 

not attributable to overt hemolysis, which appears rcasona ®‘"V . 

dl-dcfmcd nature of the original cases described by Gilbert, i y ^ 
properly applied to (n) the Criglcr-Najjar syndrome in ^fanU an 
^vcrc counterpart in adults, as described by Arias & j associa- 

Ipcrbilirubincmia seen following wal hepatitis ^ nmhablvby 

t‘on with other diseases of the hepatobiUary system (168) caused p > 

* defect in the transport mechanism of the hepatic parenc >_ma 

8«ted by Schmid (176); (c) compensated hemolytic ® ,UUe to 

reduction in the red cell life span usually encountered (168) is far 
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account for hyperbilirubinemia so that It Is highly probable that there Is an 
additional defect in bilirubin transport; and (d) overproduction of bilirubin 
in the bone marrow in assodation with the hyperplasia of the marrow seen in 
some cases of compensated hemolydc disease, as described by Israels et al. 
(165). As previously mentioned, the posdbility that the latter mechanism is 
Involved also in the hyperbilirubinemia seen in assodation with splenomegaly 
and increased fecal urobilinogen excretion following viral hepatitis (166), 
cannot be exduded. 

It would be highly desirable to abandon the term “Gilbert’s syndrome,” 
and use a nomendature based on the nature of the underlying defects in- 
volved. Although it is not always possible to do so except in the case of a de- 
ficiency of glucuronyl transferase, an attempt should be made in all cases to 
exdude genetic factors, an enzymatic defect, underlying hepatic or biliary 
disease, or an undetected compensated hemolytic disorder. 
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THE PORPHYRINS AND THE POIH>HYRIAS^2 

By Lennox Bales, M.D., F.R.C.P. 

Deparlmenl of Medicine iC.S.I.R./U.C.T. Qinical Nutrition Unit), Univertily of 
Cape Town, and Groole Schuur HotpilaJ, Cape Town, South Africa 

In the last decade there has been a great upsurge in interest not only in 
the biochemistry of the porphyrins but in the disorders of porphyria metab- 
olism. Since 1955, several good reviews (1 to 14) have appeared covering, 
with varying degrees of detail, the chemical and the clinical aspects of the 
porphyrins and the porphyrias. It is the purpose of this review to consider 
briefly our knowledge of porphyrin biosynthesis and its applications, and to 
discuss the classification and delineation of the various disorders of por- 
phyrin metabolism. Particular attention will be given to the occurrence and 
manifestations of the porphyrias as seen in the Union of South Africa which 
can rate among its claims to fame the highest incidence of porphyria in the 
world. Before any discussion of the clinical aspects is possible, it is necessary 
to review our knowledge of the biosynthesis of the porphyrins. 

Biosyntoesis op the Porphyrins 

Workers on both sides of the Atlantic have made major contributions. 
The Ciba Conference (14) provided a good insight into the development of 
our knowledge up to 1955, and highlighted the many points of diiBculty. In 
addition to Shemin's (6) Harvey lecture and the detailed accounts of por- 
phyrin and heme biosynthesis by Rimington (7, 8, 10), the enzyme systems 
involved in the porphyrin synthesis have been ^ev^cu•ed (11, 15). 

Following the pioneer isotope studies of Shemin & Rittenberg (16, 17) 
who demonstrated that glycine was a direct precursor of the heme of haemo- 
globin, the origin of all the carbon and nitrogen atoms of the protoporphyrin 
molecule was established (4, 6). As a result of these elegant studies and those 
of Muir & Neuberger (18), glycine was shown to contribute all the nitro- 
gen atoms, and the mcthcnc bridge carbon atoms, acetate through a 4 car- 
bon compound, providing the remaining C atoms. The other precursor, 
"active" succinate, is derived from the citric add cycle (4). In addition, 
Shemin et al. (19) postulated a succinatc-glydnc cyde, wlicrcby glycine was 
Utilised for the synthesis not only of 5-amino-lacvuIinic add (AL/\) but also 
of the purines. The steps In the biosynthetic sequence (sec Fig. 1) may now 
be considered: 

The formation of AL^l by condensation of succinate and ilycine . — The 
combination of 8 mol. of sucdnaie with S mol. of glydne is necessary for the 

^Thc surNcy of the literature pertaining to this reraw uos concluded in May, 

im 

"The following abbreviations will be tuedt ALA (delca'amtnotaevuHnic acid); 
PBG (potphobilin£^ca);SH (sulfbydr^'t). 
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Fig. 1 Illustrating the possible btosjuthetic which undergoes 



THE PORPHYRINS 


253 


from pyridoxine-defident ducklings require pyridoxal phosphate for the 
synthesis of ALA from glycine and succinate (20), while intact chicken red 
cells require (21) a portion of the citric acid cycle and its coenzymes, an 
oxidative phosphoryiating system, pyridoxaLphosphate, and glutamine. 
Other in vitro studies with particulate fractions of chicken red cells (22 to 24) 
and microbiological preparations (25, 26) have shown pyridoxal phosphate 
and coenzyme A to be necessary, while certain particulate-containing prep- 
arations synthesise ALA actively from glycine and succinyl coenzyme A 
(23) provided pyridoxal phosphate is present. It is probable that following 
activation of succinate by coenzyme A and ATP to form sucdnyl coenzyme 
A, condensation with a pyridoxal derivative of glycine occurs (27). 

The enzyme(s) is bound to cell particulates and mitochondria are involved 
(28, 29). 

The condensation of ALA to porphobilinogen . — The isolation of crystalline 
porphobilinogen (30) and the establishment of its chemical structure (31 to 
33) was an important step. Radioactive labelling has shown that 2 mol. of 
ALA condense to form 1 mol. of PEG. That this conversion is enzymic was 
first demonstrated in a chicken red cell haemolysate system (34). The puri- 
fied enzyme (ALA dehydrase) has been isolated from various animal, plant, 
and microbiological sources and has been extensively studied (35 to 39). 
Not only do whole blood and washed red cells show activity, but so also docs 
a normal human leucocyte homogenate (40). It is an SH-containing enzyme 
(38), is inhibited by cthyicncdiamine tetracctic add (38) and lead (39), and 
may contain copper (41). 

The transformation of PBG to uroporphyrinogen . — There is good evidence 
that under ordinary conditions the enzymic conversion of 4 mol. PEG to 1 
mol. of uroporphyrinogen HI occurs. However, in some instances uropor- 
phyrin III and “pseudo-uroporphyrin” (42) arc formed. The daims that 
the latter is a true intermediate and not a chromatographic artefact (29) 
need confirmation. Preheating the enzyme system to 60® C. leads to forma- 
tion of uroporphyrin f (43). The properties of the enzyme (porphohth'no- 
genase) have been described (44). 

Whereas, with various hacmolysatcs, rapid conversion of PEG to uro- 
porphyrin III occurs, with whole blood uroporpliyrin I is formed, presum- 
ably because PEG cannot penetrate the cells (29). While Lockwood & 
Denson (45) could find no electrophoretic evidence of more than one enzyme, 
Granick & Mauzcrall (38) have suggested a deaminase activity which con- 
denses PEG to polypyrylmcthanes by climinaiing Nllt and an isomcrase 
activity which inverts one (or 3) PDC moh to giv’c a series III isomer, and 
it is this action which is destroyed by heat. Indeed, Bogorad (46) has suc- 
ceeded in separating the two .activities from plant extracts and has shown 
that deaminase action precedes isomcrasc action. Heath & Hoare’s observ'a- 
lions with a RhodopseuJomoaas spherotdes system (47) coincide Vkith this 
finding. 

It isdiincult to explain the formation of the series III cyclic porph>rinO' 
gens from PBG. The mcchamsmsdctailcd by Ritningion (10) fincluding the 
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proposed formation of dU and tn-pyrrylmethanes (51)], the possible par- 
ticipation of opsopyrrol-dicarboxylic add (48) or the dipyrromethanes (49), 
and the recent ingenious postulation of an octapyrrol intermediate by Wit- 
tenberg (SO) are all possible, but the nature of the intermediates is quite 
unknown. Mere demonstration of mechanisms in vilro carries no guarantee 
that these operate in vivo. 

The transformation of aroporphyrinogeit III to coproporphyrinogen IJL 
Uroporphyrinogen is the colourless reduced porphyrin containing d extra 
atoms of hydrogen. Uroporphyrin could not be used for heme or chlorophyll 
synthesis by either intact or disrupted cells (52 to 54), but uroporphyrinogen 
III is readily transformed to coproporphyrinogen III (55, 56). The trans- 
formations probably occur stepwise since, during enrymic decarboxylation 
(and oxidation) of uroporphyrinogen, porphyrins with 7, 6, and 5 carboxyl 
groups appear (57). Analogous fractions have been found frequently in urine 
of cases of porphyria. The enzyme(s) “uroporphyrinogen decarboxylase” de- 
carboxylates both series I and III isomers. It contains SH groups. The forma- 
tion of porphyrin depends on autoxidation and photocatalysis of the por- 
phyrinogen, and in viva this is normally unimportant. 

Conversion of coproporphyrinogen III to proloporphyrinr^This necessi- 
tates the conversion of two of the propionic add chains to 2 vinyl groups 
and is highly specific. There Is no effect on coproporphyrin itself or on 
coproporphyrinogen I and this explains why only protoporphyrin 9, a series 
III isomer, is found in nature. The addition of rat liver mitochondria to 
human red cells incubated with PEG or ALA resulted in protoporphyrin 
formation at the expense of copro- and uroporphyrins (58), and evidence of 
direct conversion of coproporphyrinogen to protoporphyrin has been ob- 
tained (59). Since human and rabbit red cells lack activity as opposed to 
avian red cells and reticulocytes, this suggests that mitochondrial processes 
are active (28). 

Incorporation of iron into protopropkyrin . — The conclurion that proto- 
porphyrin is the direct precursor of heme is founded on sound experimental 
evidence. The enzynuc converrion to heme is achieved by avian red cell 
haemolysates (60 to 63) and by rat liver (64). Chicken haemolysates and hu- 
man reticulocytes showed rapid incorporation of C”-tagged protoporphynn 
9 into heme (62). The enzyme (heme synthetase) contains SH groups and is 
inhibited by lead (65). Mitochondrial processes are involved (28, 66). A 
redudng agent is necessary for the activation of iron (67) and its incorpora- 
tion into heme by a particulate supernatant of chicken haemolysate was 
potentiated by ascorbic add, ergothiondne, and glutathione in concentra- 
tions that approximate those found normally in the ery throcyles (68). There 
is evidence that stroma iron of the red cell is an intermediate between trans- 
port iron of the plasma and the iron of haemoglobin (70). The release of iroa 
from its linkage to transferrin, and its subsequent incorporation into hepatic 
ferritin is dependent on the oddative metabolism of the liver cell (69). 

While the notable contributions of the biochemists have greatly aided 
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our understanding of porphyrin biosynthesis, it must be remembered that 
the studies of the enzyme systems have been carried out in vitro under op- 
timal and very particular conditions and, furthermore, ivith substrates 
divorced from the normal cell organisation with its mosaic of enzymes, and 
modifying factors. Apart from possible species differences, the diverse ef- 
fects produced with different systems and substrates (29) is to be remem- 
bered. Thus, while an interpretaUon of the in vitro activity of a single enzyme 
is possible we must exercise caution in applying this knowledge to the intact 
animal. The sequence (Fig. 1) is well supported by experimental evidence 
and provides a working hypothesis. Moreover, with the development of 
suitable methods for the estimation of urinary ALA and PBG (71), all of 
the major Intermediates of porphyrin biosynthesis — ALA, PBG, uro-, 
copro-, and protoporphyrin — have been identi6ed in the excreta of normal 
man. Furthermore, in the various porphyrias the appearance of certain of 
these intermediates in greatly increased concentration in the excreta, and 
their presence in high concentration in certain tissues and organs, may be 
reasonably explained in terms of derangement of enzyme action at various 
points along the biosynthetic pathway. 

THE PORPHYRIAS 

The porphyrias may be defined as a group of disorders in which inborn 
or acquired derangements of enzyme action result in an increased cxcreUon 
of the porphyrins or of their precursors, or both, in the excreta. The in- 
creased excction is frequently, but not always, associated with a distinctive 
clinical syndrome. By convention, the term has been restricted to disease 
states in which considerable amounts of uroporphyrin or PBG appear in 
the urine. It has been customary to regard the porphyrias as inborn errors 
of metabolism and to deny the existence of acquired porphyria. That there 
may be an underlying susceptibility in the latter instance cannot be denied, 
but evidence of an inherited disorder is lacking. Particularly in cutaneous 
porphyria is tkh so. While the experimental induction of the disorder (72) 
and the frequency of exogcncous factors in human cases support the hypoth- 
esis of an acquired condition, Tio’s (73. 74} remarkable case, and the re- 
cent "epidemic" of porphyria in Turkey (75) should dispel all doubts as to 
the possible existence of acquired porphyria. It has been customary to sep- 
arate the coproporphyrinurias from the porphyrias but, if one is to be 
logical, the symptomatic porphyrinurias should be included in any con- 
sideration of the disorders of porphyrin metabolism and such cases may 
show evidence of disorder elsewhere in the biosynthetic chain. Thus, in 
lead intoxication apart from the gross coproporphyrinuria, an increased 
Ala\ excretion occurs (75, 76a, 77) and occasionally uroporphyrin (77) is 
found in the urine. 

From our knowledge of the biosynthesis and the biochemical pattern of 
excretion in the various disorders, we can locate the probable sites of de- 
rangement but we are notyct in a position to speak of spcd6cdefccu. Thus, 
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proposed formation of di- and tri-pyrrylniethanes (5i)J, the possible par- 
ticipation of opsopyrrol-dicarboxylic add (48) or the dipyrrometbanes (49), 
and the recent ingenious postulation of an octapyrrol intermediate by Wit- 
tenberg (50) are all possible, but the nature of the intermediates is quite 
unknown. Mere demonstration of mechanisms in vitro carries no guarantee 
that these operate in vivo. 

The transformation of uroporphyrinogen III to coproporphyrinogen III . — 
Uroporphyrinogen is the colourless reduced porphyrin containing 6 extra 
atoms of hydrogen. Uroporphyrin could not be used for heme or chlorophyll 
synthesis by either intact or disrupted cells (52 to 54), but uroporphyrinogen 
III is readily transformed to coproporphyrinogen III (55, 56). The trans- 
formations probably occur stepwise since, during eniymic decarboxylation 
(and oxidation) of urojiorphyrinogen, porphyrins with 7, 6, and 5 carboxyl 
groups appear (57). Analogous fractions have been found frequently in mine 
of cases of porphyria. The cnzyme(s) “uroporphyrinogen decarboxylase" de- 
carboxylates both series 1 and III isomers. It contains SH groups. The forma- 
tion of porphyrin depends on autoxidation and photocatalyris of the por- 
phyrinogen, and in vita this is normally unimportant. 

Conversion of coproporphyrinogen III to protoporphyrin.-~'Tyn9 necessi- 
tates the conversion of tno of the propionic acid chains to 2 vinyl groups 
and is highly spedhe. There is no effect on coproporphyrin itself or on 
coproporphyrinogen I and this explains why only protoporphyrin 9, a series 
III isomer, is found in nature. Tbe addlrion of rat liver mitochondria to 
human red cells incubated nith P6G or ALA resulted in protoporphyria 
formation at the expense of copro- and uroporphyrins (58), and evidence of 
direct conversion of coproporphyrinogen to protoporphyrin has been ob- 
tained (59). Since human and rabbit red cells lack activity as opposed to 
avian red cells and reticulocytes, this suggests that mitochondrial processes 
are active (28). 

Incorporation of iron into proloprophyrin. — ^The conclusion that proto- 
porphyrin is the direct precursor of heme is founded on sound experimental 
evidence. The enzynuc conversion to beme is achieved by avian red cell 
haemolj'sates (60 to 63) and by rat liver (64). CfaJckea haemolysates and hu- 
man reticulocytes showed rapid incorporation of C“'tagged protoporph>’rio 
9 into heme (62). The enzyme (heme synthetase) contains SH groups and is 
inhibited by lead (65). Mitochondrial processes are involved (28, 66). A 
reducing agent is necessary for the aedvadon of iron (67) and its incorpora- 
don into heme by a particulate supernatant of chicken haeinol>’sate was 
potentiated by ascorbic arid, ei^othioneine, and glutathione in concentra- 
tions that approximate those found normally in the erythrocytes (68). There 
is evidence that stroma iron of the red cell is an intermediate between trans- 
port iron of the plasma and the iron of haemoglobin (70), The release of iron 
from its linkage to transferrin, and its subsequent incorporation into hepatic 
ferritin is dependent on the oxidative metabolism of the liver cell (69). 

While the notable contributions of the biochemists have greatly aided 



257 


THE PORPHYRINS 

The Classification of the Porphyrias 
Apart from the fact that there can be no entirely satisfactory classifica- 
tion until the precise biochemical disturbances in the various forms have 
been elucidated, the prime source of difficulty has arisen from the fact that 
in adults three recognisable dimcal syndromes — the acute attack, the 
cutaneous syndrome, and a mixture of the two — have each in the past been 
equated with a disease when, in fact, the same syndrome may be the ex- 
pression of two quite different disorders. This is illustrated by considering 
the incidence of the main clinical forms encountered in the racial groups in 
Cape Town (Fig. 2). While the three forms occur with equal frequency in 
the white race, the purely cutaneous form predominates in the Bantu and 
the Cape coloured races. The same cutaneous syndrome was seen in the 
three races but in the white race the majority of cases were attributed to 
protocoproporphyria, while in the Bantu all were cases of symptomatic 
cutaneous porphyria and in the Cape coloured race cutaneous cases resulting 
from both causes were observed. 

Waldenstrom's (9) and Schmid et a/.’s (103) classifications are com- 
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Fig. 2. Clinical proentation of porpb>Tia in the 3 nuin ntcul croups in Cape 
(From .5. African J. Lab, Oitt, JJtd., 0 , 63 I960.) A“^Vcute attack. C** Cu- 
taneous >}'o<jrome. ril «Acute attack plus cutaneous s)aJro<ne. 
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in erythropoietic porphyria, if we accept the hypothesis of a PEG deaminase 
and isomerase operating for the conversion of uroporphyrinogen Ilf, then 
the condition may be explained by assuming that in the homozygous state 
one of the following abnormalities must exist: deficient isomerase activity, 
excessive PEG deaminase activity, or a combination of both. There is no 
evidence to support any of these possibilities. In acute intermittent por- 
phyria the defect may be either a “block** in ALA and PEG conversion or 
an overproduction of ALA that exceeds the capacity of the porphobillno- 
genase system. A reduced liver catalase might be interpreted as indicating a 
possible site of block but, unlike experimental porphyria (75) in human 
porphyria (78), there is no fall in Uver catalase and, furthermore, PEG 
formation appears to be increased beyond the normal requirements for 
heme synthesis. Overproduction of ALA may stem from increased synthesis 
from glycine and succinate, or from decreased metabolism along the purine 
pathway with diversion to the ALA side. In acute porphyria, ALA conver- 
sion to PEG is increased (79) and ALA dehydrase activity is presumably 
increased. In protocoproporphyria, in view of the constantly enhanced 
faecal excretion, the major defect appears to be at the protoporphyrin- 
coproporphyrin stages but the uroporphyrinogen decarboxylase system is 
usually also affected. Superimposed on this basic abnormality, there occurs 
a temporary disturbance of ALA and PBG formation, usually precipitated 
by the barbiturates and other drugs. In porphyria cutanea tarda symptomat- 
ica, presumably, uro- and coproporphyrinogen decarboxylases are affected, 
while in the coproporphyrinurias only the coproporphyrinogen decar- 
boxylases are deranged. 

Geographical Disthidutjon and Incidence of tub Porphybias 
Large series of cases of all types have been observed in several countries; 
United States of America, series of 255, 83, and 81 cases (80 to 82); Ger- 
many, 60 (12); Switzerland, 60 (83); England, 50 (84); France, 43 (85). 
Ippen (13) in his comprehensive review of cutaneous porphyria, notes cases 
from Noithern, Southern, Eastern, Western, and Central Europe, North 
and South America, Asia, and Africa. While Waldenstrom's experience (9) 
of 321 cases of acute intermittent porphyria is unique, such cases have been 
reported from Ireland (86), Australia (87), New Zealand (88), and China (89). 
Pride of place, however, must go to the Union of South Africa where, among 
the white population, an inherited form of porphyria is extremely common. 
Following the first report in 1939 (90, 91), many cases have been seen. By 
1951, Barnes (92) had already reported on 40 cases of "porphyrinuria," 
and a series of papers by Dean and Dean & Barnes (93 to 95) followed. That 
tliis may well become a national problem is indicated by Dean who claims 
to have diagnosed 564 cases of porphyria in 54 family groups (96). It is also 
Been in the Cape Coloured race (97, 98). “Many hundreds of cases" (99) 
of symptomatic cutaneous porphyria have been seen in the Bantu and have 
been reported from ail parts of the country (98, 100 to 102). 
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1. Congenital Porphyria — Erythropoietic Porphyria 

2. Acute Intermittent Porphyria — Pyrroloporphyria 

3. Porphyria Cutanea Tarda Hereditaria — Protocoproporphyria 

4. Porphyria Cutanea Tarda Symptomatica — Urocoproporphyria 

The symptomatic porphyrinurias, both uroporphyrinuria and copropor- 
phyrinuria, deserve inclusion. Uroporphyrinuria should probably be in- 
cluded under 4. It occurs in several conditions (110 to 112) and as a symp- 
tomless state in the Bantu (98) in whom it may be associated with abnor- 
mal liver function tests (113). It is possibly the forerunner of cutaneous 
porphyria. Melanoderma-porphyria (114) may be an analogous condition. 
There are many causes of symptomatic coproporphyrinuria but the idio- 
pathic and hereditary forms (115, 116) are known. Myoporphyria (83) is 
probably a variant of acute porphyria. Genuine mixed porphyria may occur 
if acute intermittent porphyria is combined with symptomatic porphyria, 
but it should be patent that in any case of acute intermittent porphyria or 
porphyria cutanea tarda symptomatica the dilTerential diagnosis must in- 
clude protocoproporphyria. 

Erythropoietic porphyriaxcongenilal porphyria . — The rarity of this dis- 
ease is emphasised by the fact tiiat Schmid et al. (116) were able to accept 
only 34 cases as genuine examples of this condition. Of Watson ef of. 's (80) 
255 cases, only 7 cases belong to this group, and 3 out of 43 (85) in another 
scries. Stich added an additional 6 cases (12), and recently two cases in 
brothers from India (117) and a case in a Bantu girl (118) have been re- 
ported. Only one previous case in a Bantu is known (IIP) but there have 
been two cases in Sudanese siblings (120). The early onset of the cutaneous 
lesions, the erythrodontia without abdominal or neurological symptoms, 
and the red urine are sufficiently characteristic to make the diagnosis. The 
bone marrow contains numerous fluorocytes. The urine and the faeces con- 
tain porphyrin in large amounts. There is no porphobllinogcnuria. The 
faecal porphyrin fs largely coproporphyn'n in contradistinction to the find- 
ings in protocoproporphyria (99). Since the first report from South Africa 
of a similar condition In cattle (121) many cases have been recorded and 
recently reviewed by Rimington (122). Watson ei al. (80) have compared 
human and bovine erythropoietic porphyria. In bovincs the condition is a 
recessive trait (122) as it almost certainly is in man. Both conditions arc 
very similar but the erythrocyte porphyrins in the human were mainly 
uroporphyrin and in the bovine mainly protoporphyrin. An unexpected 
finding in the human case 246 was a very high hepatic porphyrin. The effect 
of splenectomy is unpredictable. Their case 71 has, however, remained latent 
for several years and urine porphyrin is one-third of prcsplencctomy levels. 

Pyrrohporphyriaiaculc inUrmilUnt porphyria (Pyrrolia; Swedish genetic 
porphyria).-— The incidence of this form has been estimated as 1/100,000 
in Sweden (9) and 1.5/100,000 in Australia (123) while 8 overt and 4 latent 
cases have been obscrv'cd in a population of 150,000 (124) in England. Most 
patiemta arc of North European extraction but it has been reported in other 



258 . 

„on.y used but revision 

clinical and h J_-ti(^^b^up 3 , specially the "mixed 

encompassed the porp yn p^ ^rieties. Acute intermittent porphyna, 
and the porphyria cutan condition as seen in the white 

too, has been confused repeatedly “mixed 

porphyric families in South ^fnc^ Wa^ (104) (.^taneous and 

porphyria” to reserved (or the purely cutaneous 

acute symptoms, while cutanea ta rerms 

cases. Unfortunately, or mixed porphyria as it is 

synonymously, '■,*•' “P°''^{;^"m)“^hUy emphasised the importance ot ac- 
called by Watson (lOS). Tio ( 7 d) ng y ^jded to por- 

Lpported Waldenstrom's classiBcatron ^ porphyria and re- 

Barnes' (96) suggesUon of discardtng acute intermittent p P y . ^ 

plletag it wlUi ?he Swedish and South A(ri«n 
The unqualified tide of cutanea tarda (or the South Afncan yp 
ceptablLinee, in one and the same -'>=^■9. -- m=.y or 

attacks, with cutaneous symptoms, or with a combinaU ° This 

the sole evidence of porphyria r^y be an ^^ggest the term 

variety of presentation prompted ^ LJ ^as an unfortunate 

''porphyria variegata." Wthough this '{'’‘"P*' rji„,ial enthusiasm 

horticultural flavour and was not received with , ^9^“ W' 

(108), it may well be a most satisfactory «™- 

however, is preferable since it ernphasises “ rin-although it 

the enhanced faecal excreUon of copro- and PtufoPP P Ltmbance of the 
does not cover the superimposed, but temporaiT, P^ biochemical 

acute attacks. A similar terminology ernphasising t 
alteration in acute intermittent porphyna and porpnyri 
symptomaUca is desirable. Waldensrrdm's (9) -".frio'^Tof a term 

acute intermittent porphyna IS not so faceuous. T P pyrrolpor- 

hallowed by long use may be achieved by ^ g^iy, porphyria 

phyria or, more euphoniously, pyrroloporphyn . Loporphyria. 

cuUnea tarda symptomaUca might be , porphyria cutanea 

Waldenstrom (109) has, in fact, reeenUy grouped under porpny 

tarda both protocoproporphyria “P‘'°‘’°'^J"“.',niese terminologische 

In endorsing Canivet & rime Is long overdue for 

verwirting ist seht bedauetlich,” it is 'f'* i„ternaUonat level. In 

a reassessment and agreement on .^,j„„„athies will be listed using 

the meantime. In this review, the n^n^jhynuo^^ ,r 
Waldenstrhm’s classiEcation coupled wth suggesteu h 
the risk of engendering further confusion. 



THE PORPHYRINS 


261 


a very disturbing finding is that 5 of 18 patients (84) did not show PEG in 
remission. However, ALA was not estimated. Avoidance of all barbiturates 
and the sulpha drugs is mandatory; pentothal sodium anaesthesia is fre- 
quently followed by catastrophic attacks. 

The drugs that have been advocated are legion and the difficulties of 
evaluating therapy are compounded by spontaneous remissions which are 
often abrupt and complete. Improvement may occur despite therapy. 
Treatment should include prompt correction of the fluid and electrolyte de- 
pletion which is common and almost invariably the result of the preceding 
anorexia and vomiting. Of paramount importance is skilled nursing, if pos- 
sible in a single room with reduction of all extraneous stimuli at a centre in 
which a respirator is available. In the event of respiratory failure full infec- 
tive precautions must be applied. The severe pain may be controlled by 
morphine and pethidine. Chlorpromazine (155, 156) or promazine (208) 
has been used with great benefit. The value of the steroids is uncertain. They 
should be given a brief trial. In some instances, there is a rapid improve- 
ment but, undoubtedly, deterioration may occur (208) and treatment must 
be stopped. Chelating agents have been claimed to be beneficial (157, 158), 
to have induced porphyria (159), or lead to aggravation (160). Although 
there is no efTect on ALA or PBG, the e.\cretion of zinc is enhanced, and 
presumably this is desirable. We have, like others, (143) been uncertain 
about the benefits and feel that Insufficient attention has been given to the 
possibility of natural remissions. 

Protocoproporhyriaiporphyria cutanea tarda hereditaria, (Porphyria 
variegata; South African genetic porphyria). — In view of the varying modes 
of expression this condition is best designated protocoproporphyria or por- 
phyria variegata. It is also inherited as an autosomal dominant trait and 
is seen mainly in white South Africans of burgher stock (94). It is difficult to 
provide an overall estimate of the incidence of the condition. Although it 
occurs throughout South Africa, most cases have been observed in the Cape 
Province, especially towards the East. The incidence of about one per cent 
(96) claimed for the Eastern Province is probably loo high. Since this w'as 
based on the screening of two selected groups (mental patients and hospital 
nurses) it cannot be legitimately applied to the general population. Recently, 
routine screening tests on all admissions to tw'o hospitals gave an incidence 
of 1:223 (162). There w'crc 8 porphyries in 2183 males and 21 in 4272 fe- 
males. Dean, who has diligently investigated the inheritance, claims that 
most of his porphyric patients stem from the marriage of a Dutch immigrant 
couple that took place at the Cape in 1688 (96). The white population in 
1687 numbered only 612 (161) but, owing to very favourable conditions, this 
small group multiplied rapidly. No less than one million of the present three 
million white population hold the names of 40 original settlers (96). Thus, it 
is not difficult to understand why insrphyria is so common among the white 
race. Our family studies in Cape Town arc in agreement with a dominant 
form of inheritance and, furthermore, in the Cape Coloured people a similar 
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Curnow el al. (87), not only were the stool prophyrins normal but the skin 
was unaffected, thus negating the argument that the condition in South 
Africa is due to excessive insolation in cases of acute intermittent porphyria. 
There is no lack of sunshine in Perth. Treatment of the acute attack is as 
described in the preceding section and that for the cutaneous condition is 
discussed below. 

Urocoproporphyriaiporphyria cutanea tarda symptomatica . — Over the 
years many cases of porphyria (13, 165, 170 to 172, 177) with the purely 
cutaneous syndrome have been reported from many countries. In general,' 
these cases have a later onset than the preceding types, males are much 
more commonly affected, a family history of the disorder is Jacking, and 
there is an almost constant association with chronic alcoholism (164, 171, 
172). The cutaneous changes are similar to those already described and full 
clinical and biochemical investigation of the patient and his family is neces- 
sary to distinguish these cases from the purely cutaneous cases of protoco- 
proporphyria. Gross sclerodermal change with mutilation may occur (13, 
98). The skin histology is not diagnostic (173) and cases of porphyria with 
skin histology identical with lipoid proteinosis have been reported (174). In 
many there is clear evidence of hepatic cirrhosis, often with siderosis (114, 
175, 177). Hepatomegaly is common, the so-called liver function tests are 
abnormal and paper electrophoresis of serum shows hypergaramaglobu- 
linaemia and sometimes mild hypoalbuminaemia (178). Hypersideraemia 
is frequently recorded (85, 177 to 179) but is not invariable. 

Diabetes mellltus is a common association (173, 179 to 181), occurring 
in no less than 15 out of 36 patients (172), while Berman (180) discovered 7 
male porphyries on screening 1622 diabetics (672 males). These cases were 
unaw'are of the disorder. Pigmentation is prominent and in some cases ante- 
cedes the cutaneous fragility or occurs alone in such degree as to suggest a 
separate entity, called by Brugsch, melanoderma-porphyria (114, 176). 

Cutaneous porphyria is common in the Bantu, not only in South Africa 
but also in Southern Rhodesia (182, 183), where it accounts for 2 per cent of 
admissions to the medical wards of Harari Hospital (184). In a South 
African dermatology clinic, the incidence was 1 per cent (185) as opposed to 
0.2 per cent (186) in white South Africans. The same erosive and bullous 
condition is seen but there is less photosensitivity, and bullae may occur on 
the palms, the tips of the lingers and subungually (98, 184). Sclerodermatous 
change and disfigurement, too, is more frequent. In Barnes’ series (100), fe- 
males outnumbered males, which is the reverse of the c-vperience in Europe. 
The onset of tlic condition is in middle life. Darkening of the face is very 
common and may be the primary and indeed the sole complaint. Abnormal 
liver function tests and hypcrglobuUnaemia are frequent. Since there is no 
evidence of inherited disorder it is difficult to escape the conclusion that the 
development of this condition must in some way be related to the patient's 
mode of life. Most arc town dwellers. The Ingestion of adulterated alcohol 
has been postulated as a causal factor (183) as has malnutrition and "nutri- 
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of porphyria during its use has been observed (200 to 202) and, although 
improvement is claimed (203, 204), the drug is of doubtful value in most 
cases and in many may produce a serious reaction (184, 205 to 207). Char- 
acteristically, on or about the third day there is muscle pain, backache, 
chills, high fever, often right upper quadrant pain, vomiting, and a massive 
increase in porphyrin excretion. Psychosis and coma have been noted (207). 
On withdrawal of the drug the fever abates and the porphyrinuria diminishes. 
This syndrome occurred in six out of seven Bantu with porphyria cutanea 
tarda treated with chloroquine (207). Similar reactions have been noted in 
other Bantu patients (184). A major temporary increase in uroporphyrin 
and coproporphyrin in urine has been observed but there was no change in 
PBG or ALA, and subsequently porphyrinuria continued unchanged (208). 
In view of the findings and a possible direct “hepatotoxic effect," chloroquine 
therapy cannot be recommended. The beneficial effects of the chelating 
agents (209, 210) need to be established. 

Apart from the cases attributed to alcoholic cirrhosis and "Bantu cir- 
rhosis," Waldenstrom’s third subgroup of "exceptional cases" was designed 
to cover Tin's remarkable case (74) in which remission of the cutaneous 
syndrome followed removal of a hepatoma. But even more fascinating is the 
Turkish "epidemic" which is the subject of an excellent report by Schmid 
(211). This is the first clear instance of widespread toxic porphyria in man. 
Since 1956 there have been between 3,000 to 5,000 cases in Southeastern 
Turkey. The familiar blisteringand epidermolysis bullosa of face, hands, and 
feet was frequently followed by infection, and scarring and mutilation was 
pronounced. Marked skin pigmentation and hypertrichosis occurred. Recent 
weight loss, evidence of malnutrition and hepatomegaly were frequent 
Abdominal and neurological complaints were absent The urine was dark 
and contained ether-soluble and insoluble porphyrins but no PBG. Stool 
copro- and protoporphyrins were normal in t^vo patients and slightly in- 
creased in one (75). Findings were similar in three other cases (212). The 
probable relationship beC^veen this syndrome and the consumption of seed 
wheat treated with hexachlorobcnzcnc-containing fungicides is supported 
by the production of massive uroporphyrinuria and porphobilinogcnuria in 
rats by mixing hexachlorobenzenc with the food (75). A peculiar syndrome 
in breast-fed babies has also been noted. Thus, the urinary and stool findings 
appear to correspond with the obsem'ationsinotherinstancesof symptomat- 
ic cutaneous porphyria. 

Mixed Porphyria . — ^Thcre remains the vexed question of the identity of 
mixed porphyria.” Genuine combinations are possible, but most cases of 
mixed porphyria arc probably examples of protocoproporphyria. The oc- 
currence in a patient with symptomatic cutaneous porphyria of an ab- 
dominal disorder such as pancreatitis or an acute reaction to chloroquine 
therapy may be easily misinterpreted and an erroneous diagnosis made. 
Furthermore, in patients with cutaneous porphyria and hepatic cirrhosis 
the symptoms of alcoholic gastritis and peripheral neuritis may also lead to 
an incorrect diagnosis of mixed porphyria. While this term may be of some 
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tional cirrhosis,” but, in Indonesia, Tio (18?) has not seen a single case of 
cutaneous porphyria although malnutrition and hepatic disease are fairly 


common. 

The significance of the abnormalities in the iron metabolism is not clear. 
Apart from the temporary rise in scrum iron during the acute attacks of 
protocoproporphyria, hypersideraemia is common in the Bantu cases 
(102, 188). Total iron binding capacity is normal (102). This resembles the 
picture in haemachromatosis. Hepatic siderosis is commonly associated and 
radio'iron studies suggest iron overload (188). 

Interpretation is difficult since siderosis is common in the adult Bantu 
(1S9, 190) as many as 89 per cent of those suffering acute traumatic deaths 
have recognisable riderosis (191). The degree of siderosis increased with age 
up to 40 to 50 years and was closely correlated with the degree of cirrhosis 
but not with postnecrotic scarring. While hepatic siderosis may occur in the 
absence of cirrhosis, severe siderosis was a feature in almost all cases of 
drrhoris and might be indistinguishable from haemachromatosis (192). Five 
per cent of adult Bantu diabetics were found to have histological features of 
fully developed haemachromatosis. In the Bantu, diabetes mellitus, cutane- 
ous porphyria, hepatic siderosis, and sometimes cirrhosis occur together and a 
significant association has been postulated (193). Similar assodatioos in 
Europeans have been preriously described. 

The high inddence of hepatic siderosis may be related to the very high 
iron intake of the Bantu. This is supported by the findings of Uys et aS> 
(194) that the inddence of stderoris is significantly higher in the Bantu as 
opposed to the coloured nho do not use iron cooking utensils habitually as 
the Bantu do. Hepatic siderosis is reputedly rare in Uganda (195) and in the 
Belgian Congo (195a) where aluminium as opposed to iron utensils are in 
use. It is tempting to link the lack of reports of cutaneous porphyria in 
Africans from these areas with the infrequency of hepatic siderosis, and to 
suggest that hepatic siderosis may have a significant assodation with 
porphyria, which is in line -with reports of siderosis and porphyria from Eu- 
rope where iron overload is uncommon. 

In cases of symptomadc cutaneous porphyria, the outstanding finding 
is the gross uroporphyrinuria and the assodated coproporphyrinuria (93, 
169, 196). The claim that a characteristic fast-running, uro-type porphyrin 
is found onelectrophoresisoi urine (197) needs confirmation. Porphyrinaenua 
is marked, but there is no or, at most, a slight increase in ALA and PBG 
excretion (139, 169, 196). The faecal porphyrins are normal or slightly 
elevated (100 to 300 pg./gm. dried weight — mainly coproporphyrin) (98, 
169) but do not approach the levels seen in protocoproporphyria (often 
500 to 1000 pg./gnu and mainly protoporphyrin). Low faecal porphyrins are 


also characteristic of the Rhodesian cases (193). 

Adml^on to hospital, simple dietary treatment, and withdrawal of 
alcohol results in marked improvement. Thus, any interpretation of the 
value of drug therapy must be cautious. Tlo (199) has emphasised the bene- 
fit of hospitalisation alone. Cbloroqtuoe has had a great vogue, but the onset 
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uou but Schwartz el ul. (213) tecrfy pubhAed a 

the determination of porphyrins in bio og physiochemical 

don is given to the general Lwever, are 

properties of potphynns. ^*'“”“'1'““' * as to the validity 

largely those in use in their laboratory. par„,al urine, 

of the determination of small amounts of normal urine 

although Rimington clearly accepts the ^ n-otkers 

(214). Normal values have been reported previously y 

‘”Th!’smLent that adeuuate data on m^g“=. 

available cannot be sustained. Admittedly, ^e ■“fj”'™ , a 

despite any delects in the method devised by Holri rl nJ- (163), 
valuable Investigative procedure. Values have been teim „i,yrin dis. 

fants (216) and adults (98. 99, 163, 169). and in various porpny 

orders (87, 98, 99, 107. 163, 164. 169). j„mes associated 

In conclusion, it is clear that determina- 

with the porphyrias are often t^ffidentiy distmctive, biochemi^ deter^^^^^ 

tion of the porphyrins and their precursors in both j^topgl. the 

for their proper IdendBcation. It may be said in 8'”““' , porphyrin 
urine is usually adequately ezamined the importance of 
estimation has not been suffiaently widely c.i.yjstigation 

vestlgation of near relatives constitutes an essential part of the in\ 

of any porphyric patient. .hrre is a consider- 

While the precise defects cannot be idenUfied as yet, tn q-|,o 

able knowledge of the main biochemical aberrauons in tlm P P ^^j^^own 
plea Is reiterated for the definition of the porphynas in er descriptive 

deviations in porphyrin biosynthesis in ^a„_adoDal agree- 

terminology in current use. The hope is expressed t a 
ment on ternunology ■will not be long delayed. 
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ENDOCRINE TISSUE TRANSPLANTATION^ 

By Johk R. Brooks, M.D.* 

Deparlmenls of Surgery, Harvard Medical School and Peter Bent Brigham 
Hospital, Boston, Massachusetts 

Although it is clear that the fundamental problems of immunology must 
be overcome before any endocrine tissue can successfully be homotrans- 
planted, nevertheless, it is apparent that certain endocrine tissues have 
weaker “histocompatibility requirements" than do skin or kidney, suggesting 
that these tissues exhibit variable antigenic potentialities and, therefore, may 
behave somewhat differently immunologically (1 to 4). Whether this is a 
function of antigen size (parathyroid) or possibly less reactive an antigen 
(ovary), or whether this has to do with the manner in which contact is made 
by the graft with its host (slow in the case of endocrine fragments — fast with 
vascularized structures) or some other factor, is not clear. 

Most endocrine organs u-ill survive and function as grafts without the 
presence of a deficiency state although once established as grafts their func- 
tion may well be improved by trophic stimuli. Normal nerve and lymphatic 
supply are probably not of vital importance to the function of a grafted 
endocrine gland. Although orthotopic transplantation would appear to offer 
the optimqm chance of success (especially with pituitary), transplantation 
of endocrine fragments to subcutaneous or intramuscular sites and elsewhere 
appears to have no ovenvhelming deterrent defect upon endocrine function. 

. However, complete function may not be obtained. The reasons for this seem 
to be secondary to gland fragmentation or problems of vascularity and nutri- 
tion following transplantation. Endocrine tissue grafting requires minute 
fragmentation (1 to 2 mm.) of material in order to present the largest pos- 
sible surfuce area for cross-diffusion of nutrients and metabolites. Even 
under optimal circumstances, a large fraction of each transplanted gland 
fragment undergoes central necrosis. Criteria for successful transplantation 
include the presence of a generous neighboring blood supply; the avoidance 
of pure fat as a site for implantation; the avoidance of hematomata and later 
scar tissue formation; the importance of using “tissue culture" techniques in 
the handling of tissue fragments. The onset of function of autografts (6 to 12 
days) is earlier than for homografts. The site of transplantation is probably 
of significantly greater importance in homologous situations. Special areas 
such as the anterior eye chamber and brain appear to elicit a lesser immune 

* The sur\*cy of the literature pertaining to thb review was concluded in June, 
1960. 

* The following abbreviations will be used: FSH (foUicle-stimulating hormone); 
LH Oulelnliing hormone); LTH flutcolrophic hormone): TSH (thyroid-stimulating 
hormone). 

* This work was supported by Grant A«t425 from the U, S, Public Health Service. 
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response. Embryonic nnd neonatal gan (thyroid, 

the recipient. Successful Uo L reported. 

parathyroid, adrenal) by vesscbto-vesscl anaslomos s has aUo^^ 

In deallne with endocrine tissue ^ J. jo suhstantlate 

of an end-organ response m order for one to “'“'““'f;, f„„„d coin- 

this success, the graft must he removed 

cldent M-ith reversion of the host to the pregraft f „„ in 
A review of endocrine transplantation literature cannot 
a state of contusion (67). A great body of information . J. xhere- 

done on rats, animals notoriously impossible to . animal 

fore, an evaluation of endocrine tissue °. ,,em unclear 

and particularly the rat, at times, leads one to conclusion that seem 
and that seem to refute heretofore classical „„,ike that 

Clinically, endocrine replacement has a ver> special p .-u „ee be- 
et kidney, liver, or other organs uhose replacement makes 
tween life and death. Ml lethal endocrine deficiencies are at le 
replaceable by medicines. For this reason, the newer disruption 

transformation (massive bone marrow radiation and cheroic " 
of antibody) have no place in endoenne Ussue transplantation, b 
methods for endocrine tissue replacement must be simple and n 

ADRENAL 

Methods of evaluating an adrenal grait have "Ot kept pafe a'* 
present-day ability to measure circulating steroids in . ^,ion has 

urine. Most of the literature relating to adrenal , romized 

based prooi of function of grafted tissue on survnval ol the adrena 
host on a salt-free diet. Removal ol such a graft arid ,t,iogy. 

the animal give further corroboration to be correlated with positi% 

Autotransplantatioh and Isologous Transplantation 

The adrenal medulla characteristically undergoes anv dS>>te 

planted. Cortical autotransplantation has been achieved by m 
the high metabolic demands of this tissue, and without the 
nous ACTH or cortisone (5). The cortical cells appear to ^esen been 

region of the capsule. Such functional free fragmented 
reported in rodents but only rarely in dogs (6). Using vase ^ 

techniques, successful autografts haw been reported m og 
stances (7). 

Homotransplantation 

Successful homografts of rodent adrenal ^ell sub- 
ported by several workers (8 to II). Proof of function established, 

stantiated. The absence of accessory adrenal tissue is no dissimilar* 

Occasionally, histological data are not presented, roo . . many 

ity between donor and recipient has not always been 
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workers report failures of homotransplantation in animals without genetic 
compatibility (12, 13). No successful homografts in animals of higher order 
have been noted to this date. 

Site of iransplaniation . — The number of successful homografts of adrenal 
tissue appears to increase when the anterior eye chamber (14) or cerebral 
cortex (15), or kidney capsule (16) are used as sites of grafting. The use of 
embryonic (8) or neonatal (11) tissue with or without prior cultivation (17) 
in recipient serum also appears to improve the chance of success. Successful 
growth of adrenal tissue has been reported in the hamster cheek-pouch (18). 

Host or donor modification . — ^Successful homotransplantation of adrenal 
cortex following the development of immunological tolerance has been re- 
ported by a number of workers (19, 20). Others have employed tissue freez- 
ing prior to grafting with partial success. Homotransplantation of the adrenal 
in a diffusion chamber has been reported (4). 

Human transplantation . — No long-term successful adrenal homografts 
have been reported in man. 


OVARY 

The metabolic demands of ovary are lower than those of the adrenal 
gland. Transplantation of its endocrine function to subcutaneous or intra- 
muscular sites is relatively easy to accomplish when compared with trans- 
plantation of its ova-producing function. Few grafts carry ova formation 
through to ovulation and corpus luteum production (21). However, ovarian 
tissue may be transplanted orthotopically and result in fertile matings. 
Criteria of functional success include FSH values, vaginal cell morphology, 
uterine weight, cyclical menstrual periods, and fertility. 

Autotransplantation and Isologous Transplantation 

Autotransplantation and isologous transplantation of the fragmented 
ovary have been accomplished in many animals {I, 22). Subcutaneous or 
intramuscular grafts do produce estrogen (23) and live for an extended period 
of time producing cyclical menstrual periods. Occasional long-term subcu- 
taneous grafts in rodents have been recorded (24, 25). Orthotopic autografts 
have been obtained (26, 27, 28). 

Homotransplantation 

Successful “homografts” have been reported in rats whose genetic dis- 
similarity was not well substantiated {25, 29). Chance genetic similarity 
may account for the apparently successful homografts. Delayed successful 
homografts have been obtained between albino and hooded rats which 
lasted in some cases for several months (25). A successful heterograft of o^’arj' 
between the rat and the mouse was reported (30). A single instance of success- 
ful orthotopic o\*arian tissue homotransplantation between dogs was also 
recorded (31). However, most workers have found that ovarian homografts 
fail to succeed when genetic dissimilarity of the paired animals exists (32 to 
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35). When ovarian orthotopic grafting is carried out within an isologous 
mouse strain, then successful fertile maring can occur. Successful homografts 
between newborn rats and adult recipients have been reported in sibling, 
intra-, and even interstrain situations (25). 

Site of transplantation . — Several workers have applied the anterior eye 
chamber technique to ovarian transplantation with success (14, 36, 37, 38). 
Ovarian grafts within the spleen have resulted in tumor formation (70). 

Modification of host and donor . — Transplantation of ovarian tissue fol- 
lowing the establishment of tolerance in the recipient has been accomplished 
(39, 40). The production of enhancement by intraperitoneal injection of an 
ovarian homogenate prior to grafting has been reported (41), Fertile ortho- 
topic ovarian grafts have been obtained by prior radiation of the recipient 
in intrastrain situations (42), Short-term successful takes of ovarian tissue 
in the rat and monkey have been obtained using the MiUipore diffusion 
chamber to "protect” tissue from host rejection (43). 

Human transplantation . — In animals of higher phylogenetic order and in 
humans, permanent funcrioniog ovarian homografts have not been obtained. 
Functioning grafts in man within the MiUipore chamber have been re- 
ported for as long as 6 months (43). 

PITUITARY 

The posterior pituitary is extremely difficult to transplant. The anterior 
pituitary autotransplaoted to subcutaneous, Intramuscular, and iotrates- 
ticular sites functions but not infrequently loses much of its own effect on its 
galaxy of target organs. This loss of function is spotty and seems difficult to 
prognosticate. The anterior pituitary appears to function better than any 
other endocrine organ when it is "at home.” It is possible that a trophic 
stimulus comes to it via the portal-hypoph>*seat system of vessels or by nerve 
conduction through the stalk (44, 45). Estimates of the success of a pituitary 
graft are based on proper functioning of its target organs following its trans- 
plantation. 

Autotransplaktatios aho Isologous Transplantatiok 

Orthotopic grafts of anterior pituitary tissue have been obtained in 
hypophysectomized highly inbred rats (46). Body grow-th and secondary sex 
changes may occur and pregnancy results in a small percentage of cases, even 
in females harboring male pituitary tissue. Successful subcutaneous pituitary 
grafts between inbred mice have been reported with resulting maintenance 
of estrus (47, 48). Others report partially maintained target-organ function 
following pituitary isografts (23, 49). Others report no success (SO). Chromo- 
phobe cells are characteristically the most hardy survivors. In general, auto- 
grafts or isografts of anterior pituitary tissue when placed in abnormal sites 
produce variable functional results: lutrinizing hormone and FSH appear less 
likely to be produced than LTH. Ovarian and testicular function are, there- 
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fore, only partially maintained. Some workers report evidence of growth 
maintenance; some report partial thyroid and adrenal function; others report 
none of either. Most of this experimental work has been carried out in mice 
or rats with occasional but less successful results in hamsters and rabbits. 
Other workers have noted resumption of gonadotrophic function when 
pituitary grafts were retransplanted from the kidney or temporal lobe back 
to the median eminence, again suggesting the need for orthotopic grafting 
in order to obtain proper function (45, 51, 52). 

Homotransplantation 

Few workers have obtained successful homografts of anterior pituitary. 
Those reporting successful takes obtained spermatogenesis in hypophysecto- 
mized rats but poor thyroid and adrenal function (53). Transplantation of 
pituitary to the spleen and sella turcica has also been accomplished in rats 
but function was much reduced and growth, testicular, and adrenal functions 
were not well maintained (54), Techniques employing prior tissue cultivation 
have been shown to result in homograft takes with maintenance of growth 
and thyroid function (55). 

Site of transplantation . — Intraocular rodent homotransplants have been 
successful in the hands of a number of workers (54 to 59). These grafts main- 
tain end-organ function to a variable degree. In some instances, gonadal 
function and fertile mating have resulted. Newborn tissue homotransplanted 
to the anterior chamber of rats and mice can maintain growth and testicular 
and ovarian function at less than normal levels (60). Similar intraocular 
grafts carried out in rabbits and in guinea pigs resulted in partial mainte- 
nance of pituitary gonadal function and less impressive thyroid and adrenal 
function (58). Others were unable to transplant successfully anterior pitui- 
tary into the rat eye chamber and no thyroid or adrenal gland function or 
body growth was noted. Fetal pituitary fragments placed in the anterior eye 
chamber in rats, however, were found to persist for two to eight months (61). 
Body weight and adrenal w'eight w'crc well maintained, but thyroid function, 
only poorly. Follicle-stimulating hormone and LH production were not com- 
pletely maintained (23). Sella turcica grafts appeared to function better than 
those in other sites (45). Partially successful grafts to the kidney capsule 
have been reported (51). 

Transplantation of mouse and guinea pig pituitary to the atrophied testis 
has been shown to produce testicular hypertrophy and function (62, 63, 64). 
No successful canine homografts have been obtained. 

Host or donor modification . — Some workers, produdng tolerance in the 
intended recipient, have homotransplanted pituitary successfully (39). 
Others, using a tissue culture technique prior to homotransplantation, have 
been able to produce grafts that result in thyroid function and growth stimu- 
lation over a period of one to two months (65). An attempt to transplant the 

pituitary in a diffusion chamber was unsuccessful (66). 
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Autotransplantatios and Isologous Transplaxtatios 
Autografts and isografts of mouse and rat thyroid have been 
by several workers both as thin slices and fragments and using vessel a 
tomosis techniques (3. 6. 68. 69). Subcutaneous Lg. 

performed ii guinea pigs. Some trorkers. using neonatal or emb^omc Irag 
ments, have successlully transplanted thyroid nithin a strain of albino 
mice. TSH therapy appears not to help. 

Homotransplantation 

Horaografts to the usual intramuscular and subcuteneous sites do not 
sur\-ive a significant length of time. ^ ^tctinct 
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dog, „,ing\ prior culture technique (72). Snccesslnl 

and homognids have been reported in rats. mice, guinea pigs, ‘ ' 

some workers (14, 73, 74). Embryonic and neonatal grafts appear toi P 
the likelihood of a successful graft (75). Others report no success. 
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carried out by several workers with r^ulUog successfnl 
fl9) Using the Millipore diffusion chamber technique, successful lu 
th>Toid autografts and homecrafts (76. 77) between rodents ha^T been re- 

oorted with occasional takes in dogs. _ 

Human transplanlation.—UaSa work has been done in man, an 
permanently successful grafts have been reported. An attempt to empl y 
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diffusion chamber technique proved functionally unsuccessful despite per- 
sistence of thyroid follicles histologically for 12 weeks. 

PARATHYROID 

The parathyroid gland, because of its small size, lends itself well to minute 
fragmentation and transplantation. Autotransplantation in clinical practice 
has been substantiated. Adaptation to the hypoparathyroid state can occur 
both in'animats and humans so that any alleged successful graft must be 
interpreted in this light. Newer tests of calcium and phosphorous excretion 
are now improving our ability to evaluate parathyroid function. 

Autotransplantation and Isologous Transplantation 
. Successful autografts of parathyroid tissue have been reported in rodents, 
dogs, and human beings, using both fragment grafts and vascularized grafts 
(68, 78). Proof of function in these experiments is not well substantiated. 

Homotransplantation 

Successful parathyroid homografting in rats has been noted in a strain 
that routinely rejects skin grafts (2). Successful canine homografts with 
prior cultivation have been reported (72). 

Sile of tronsplantciion . — Functional embryonic parathyroid tissue placed 
m the rabbit anterior ej'e chamber has been reported (79). 

Host or donor modification . — Prior culturing techniques have produced 
apparently successful grafts in some instances (80, 81). The diff'usion chamber 
technique has failed to produce long-term functioning grafts of parathyroid 
tissue in dogs (81a). 

Human Iransplanlalian. — Techniques employing a combination of frag- 
mented embryonic tissue cultured prior to axillary sheath implantation have 
been reported as successful although no histological data are obtainable (80, 
81). Vascular anastomosis methods have also been reported as successful in a 
few cases but again lack of histology and tenuous functional data make these 
results open todoubt(82, 8-3, 84). Milliporechambertechniques have resulted 
m early short-lived functional takes but no successes longer than three to 
four months (85). 

PANCREAS 

The pancreas is a complicated bi*functional of^an and fragmentation of 
Us substance tends to liberate trypsin allowing autodigestion. Attempts to 
separate islet tissue from its exocrine portion have been carried out by many 
Workers. This may be the sine qua non for pancreatic transplantation unless 
insulinoma tissue can be obtained. 

Autotransplantation and Isologous Transplantation 

Successfully functioning embryonic and adult autotransplants have been 
^ported in the eye chamber (86) and to the abdominal wall in rodents and 

®S8 (87, 88) and the hamster check pouch (89). 
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and placed in the anterior eye chamber or brain, does the functional success 
rate seem to improve. 

The evaluation of endocrine homograft function requires proof of histol- 
ogy and proof of hormone output in a previous defidency situation and then 
reversion back to a defidency state on removal of the functioning graft. 

Long-term successful endocrine homografts, reported in a few instances 
in rodents, have not yet been obtained in dogs or human patients. 
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Homotrassplastation 

There are few reports of successful pancreatic islet tissue homotrans- 
plantation. Homografts to the eye chamber are not successful- Successful 
transplantation of neonatal pancreas to the hamster cheek pouch has been 
reported (89). 

Attempts to homotransplant the canine pancreas using vascular anasto- 
moses have failed because of technical difficulties (88). 

Human transplantation . — Clinical attempts to transplant the pancreas 
have been made by several workers. A successful pancreatic graft using 
insulinoma tissue was substantiated by histological data at the time of death 
of the paUent (90). Others have been unable to obtain success using in- 
sulinoma tissue. Arecentaltemptuanginsulinomatissuein Millipore chambers 

resulted in temporary’ significant clinical Improvement In two total diabetic 
patients (85). 

TESTIS 

Testicular homografts and even heterografts have been reported for years 
In the literature. Most of these are open to sdentific criticism by reason of 
lack of proper control. The experiments of VoronofT are included among 
these. Testicular autotransplantation and isografts in animals have been 
carried out successfully. Interstitial function was commonly obtained but 
rarely spermatogenesis. The presence of pituitary tissue appears to determine 
interstitial cell function and spermatogenesis. Several workers have reported 
successful takes in rodents and some of these workers have reported successful 
testicular homografts in rats, some to subcutaneous sites and others to the 
anterior eye chamber. Successful testicular takes in dogs or human beings 
have not as yet been reported. 


SUMMARY 

Functionally successful autografts of ovary, adrenal, pltuitarj’, para- 
th>Toid, thyroid, ovarj’, and testis hai'e been reported in animals of lower 
order (mouse, rat, guinea pig, hamster, and rabbit). Transplants to other 
than orthotopic sites commonly result in subnormal hormone output. There 
are a few scattered rejjorts of successful autografts of adrenal, thyeoid, para- 
thyroid, pancreas, and o^'ary in the dog. In man, the only well-substanti- 
ated endocrine tissue autografts have been parathyroid and ovarian. 

Functionally "successful" homografte of adrenal, o^'ary, testis, thyroid, 
and parathyroid have been reported In rodents. Many of these reports are 
based on tenuous evidence of function. Others fail to establish the genetic 
relationship or dissimilarity between donor and recipient. When unprotected 
endocrine fragments are exchanged between adult unrelated rodents and 
placed in subcutaneous or intramuscular sites, the likelihood of a functional 
success is small. When dogs or human brings represent the "experimental 
animal,” the likelihood of a successful homograft is remote. 

Only when embr^’Onic or neonatal, or protected or cultured tissue is used 



PHYSIOLOGY OF THE PLACENTA' 

By Harry Prystowsky, M.D. 

Department of Obstetrics and Gynecology, College of Medicine, 

University of Florida, Gainesville, Florida 

In 1927, Huggett (1) reported upon his pioneer investigations which 
were concerned with the oxygen and carbon dioxide pressures in the ma* 
ternal and fetal bloods entering the placenta of the goat. From the results of 
his research he inferred that the exchange of these gases takes place in tliat 
organ by diffusion. The validity of this inference appears justified, although 
it has not been finally established, in the sense that no one has demonstrated 
that the existing gradients are sufficient in themselves to provide an adequate 
exchange for fetal needs. 

Subsequent studies have been concerned with the identification and 
description of those features of the placenta and the maternal and feta! 
bloods that might promote or limit the diffusion of oxygen and carbon diox- 
ide. This task of identification and description is a complicated one, for the 
organization of the placental barrier, the vascular channels, and the char- 
acteristics of the maternal and fetal bloods differ markedly from one species 
to another. Accordingly, the data obtained from an investigation of one 
placental type are not easily applicable to a description of another. Even in 
the same species complications arise, for there is the time factor of gestation, 
i.e., there Is limited applicability of data obtained at one stage in pregnancy 
to another stage. Another difficulty is the fact that this tissue barrier, or 
placenta, which separates the maternal and fetal bloods is not inert but is 
composed of layers of metabolically active cells that take oxygen from the 
current moving from the maternal toward the fetal blood and add carbon 
dioxide to the stream moving toward the maternal blood (2). 

In an attempt to speak of the transfer of oxygen and carbon dioxide in 
physical terms, some have likened the placenta to a liquid block of uniform 
composition and thickness, having the same area on both sides. The several 
factors determining the rate at which a gas diffused across the placenta could 
then be related to the equation: 

(A - -PQUlft) 

D 

where Q is the quantity or volume transferred per unit time; Pi and P*, the 
gas tensions or pressures on its two sides; D, its thickness; A, the surface 
area, and k, the coefficient w'hich represents the permeability of the barrier 
to the gas being studied. In respect to the placental transfer of oxygen, Q 
would equal the oxygen consumption of the fetus, and Pi and Pi would rep- 

’ The *ur\-cy of the literature pcrtamfng to this rc\*iew ^tis concluded in Nowni* 
ber, I960. 
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If one is to compare the functional capacities of placentas as Krogh did in 
regard to lungs, it is necessary to know the rate of oxygen consumption of 
the fetus, its weight, and the difference in the oxygen pressures of the ma- 
ternal and fetal bloods that promotes the transfer. To my knowledge no one 
has measured the rate of oxygen consumption of the fetus tn utero under 
circumstances in which it was known that the fetus was meeting all its meta- 
bolic requirements by oxygen derived from the fetal blood and not developing 
an oxygen debt. This is an important point, for the evidence now at hand 
indicates that when the mother is unanesthetized and at rest, the tissues of 
the fetus are not engaged in anaerobic metabolism. On the other hand, inter- 
ference with her level of oxygenation or with the uterine circulation by light 
anesthesia may cause them to do so (5). 

There are some estimates based on indirect methods of the rate of oxygen 
consumption, and they have been obtained on fetuses of the guinea pig (6), 
rabbit (7), goat (8), and sheep (9, 10) at, or near, term. The values reported 
indicate that the rate at that stage of pregnancy is approximately that of the 
adult of the same species, i.e., about 8 ml. per kg. per min. for the guinea pig 
and rabbit, 5 for the sheep, and 6 for the goat. In addition, there are data to 
indicate that in the sheep (11, 12) the rate may be much higher earlier in 
gestation, i.e., approximately 10 to 12 ml. per kg. per min. between the 9Sth 
and 110th days. 

The estimation of the oxygen tensions in the region where the exchange 
between maternal and fetal blood takes place is no less diflicult than the 
estimation of the fetal oxygen consumption; the results at hand are not 
entirely satisfactory. If one makes the assumption that only insignificant 
amounts of maternal and fetal blood pass through the placenta via channels 
that exclude the transfer of oxygen between them, the oxygen pressure in the 
blood at the ends of the maternal and fetal capillaries on the two sides of the 
barrier will be the same as those m the principal vessels leading to and from 
their respective capillary nets. In other words, the oxygen tension at the 
arterial end of the maternal capillary wiff be the same as that of the blood in 
the uterine artery, and at the venous end the pressure will be the same as it 
is in a uterine vein. On the fetal side the pressures will be equivalent to those 
of the bloods of the umbiUca! artery and vein, respectively. 

In most studies the oxygen tensions in samples drawn from the uterine 
and umbilical vessels have been estimated by relating their percentage 
saturation to an appropriate oxygen dissociation curve. In estimating oxygen 
pressure the effect of the pH of the blood on its oxygen content or on its 
percentage saturation is neglected, and the saturation is referred to a curve 
prepared at known pH or CO* pressures. More recently, however, oxygen 
pressure in such samples has been measured directly with the dropping 
mercury electrode. Some data have also been obtained recently in which the 
pH of the blood samples drawn was determined as well as the percentage 
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sumptions and given the following data: the oxygen dissociation curves of 
the fetal and maternal bloods, their oxygen capacities, and the percentage 
saturation of blood in the uterine artery, uterine vein, umbilical vein, and 
umbilical artery. The assumptions are: (a) that each stream moves through 
vessels of constant caliber at a uniform velocity; (6) that the permeability to 
oxygen of the placental capillaries and the intervening tissues is uniform 
throughout their length; (c) that the volume of oxygen diffusing per unit of 
time from the blood in one region of the maternal capillaries to the blood in a 
region of the fetal capillaries is proportional to the difference in oxygen pres- 
sure between the two regions (28, 29). 

At the present time, estimates have been made of the oxygen pressure 
gradient across the placenta for three species: sheep (28), goat (IS, 30), and 
rabbit (18). The results indicate gradients of oxygen tension of the order of 
40, 37, and 10 mm. Hg, respectively. Estimates of the oxygen pressure 
gradient across the placental barrier in man have been made by comparing 
the oxygen pressure in blood drawn from the intervillous space with the 
pressure in bloods drawn from the umbilical artery and vein, respectively, at 
the time of cesarean section and vaginal delivery. The gradient of oxygen 
tension appears to be of the order of 24 mm. Hg (19, 20). 

In man it appears that the placenta is a less efficient organ for the oxy- 
genation of blood than is the lung. A higher oxygen pressure gradient is re- 
quired to provide the o.xygen requirements of the individual when the gas 
must cross the placenta than when it crosses a lung. Stated in another way, 
the oxygen requirements of the mammalian fetus at the end of term when ex- 
pressed in cubic centimeters per kilogram of body weight per minute are of 
the same order as those of the adult. Yet, a higher pressure difference is 
required to meet the fetal needs across the placenta than is necessary in the 
case of the lung of the adult. In man, a difference in oxygen pressure across 
the lungs of 10 ram. Hg is sufficient to provide his requirements at rest, 
whereas a pressure difference of twice that order is required to provide the 
norma! oxygen requirements of the fetus in ulero. 

The factors that are responsible for this steep gradient have not been 
identified, but evidence is accumulating which Indicates that it is the result 
of mechanisms that can be altered quite rapidly and is not determined by the 
structure of the placenta per se, as had been suggested earlier (31). The 
gradient appears to be adjusted and maintained by the fetus to provide it 
with an adequate oxygen supply despite wide ^•ariations in the tension of 
that gas in the maternal blood reaching the uterus. The evidence for this 
viewpoint comes from three sources: (o) the data demonstrating that in 
ewes that live and reproduce at high altitudes, at which the oxygen pressure 
in the arterial blood is about 47 mm. Hg, the oxygen tension in the feta! 
blood and the oxygen consumption of the uterus and its contents in cubic 
centimeters per kilogram per minute arc comparable to sea level values (32). 
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the placenta. It has been suggested that since a relatively large pH gradient 
is maintained across the placenta, the Bohr effect would tend to superimpose 
the fetal oj^gen dissociation curve upon that of the mother in vivo. While 
this drcumstance in itself would not abolish the oxygen pressure gradient 
across the placenta, it would certainly not facilitate it. Recent data (41) 
question the above-mentioned concept and Indicate that the maternal and 
fetal oxygen dissociation curves in vivo are not normally superimposed. Fur- 
thermore, the suggestion regarding superimposition of the maternal and fetal 
oxygen dissociation curves in vivo is based on the assumption that the Bohr 
effect on maternal and fetal blood is identical. This is not the case for the 
goat (44), sheep (45), llama (46), and man (47). 
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Although much is known about the human eccrine sweat glands as a re- 
sult of extensive studies carried out during the past half century, surprisingly 
little can be stated concerning the function of these organs without fear of 
contradiction. This situation has arisen for three major reasons; (a) It is 
now known that during active function the cellular structure of the eccrine 
sweat gland is undergoing significant alterations. (6) The function of the 
sweat gland is, in great part, dependent on the state of both the external and 
internal environment. (Careful control of both of these variables is essential 
to an experimental situation from which interpretable information is to be 
derived.) (c) Interpretation of the function of the sweat gland is considerably 
influenced by the method of sweat collection, the area from which the sweat 
18 collected and the method employed to produce sweating. 

This review will not deal with specific diseases of the eccrine sweat gland. 
Nor will it be concerned with the alterations in structure and function of the 
sweat apparatus that occur when the skin itself is altered by disease. We will 
not emphasize environmental physiology and the problems of acclimatiza- 
tion. The reader is referred to a most excellent and comprehensive review by 
Weiner & Hellmann (S3) on the total eccrine and apocrine sweat gland story. 
The interested reader, too, should refer to the recent book edited by Yoshi- 
mura, Ogata & Itoh on climatic physiology (54). 

In this review it is our hope to integrate, as much as possibJe, the many 
aspects now known of eccrine sweat gland structure and function in health 
and associated with non-cutaneous medical disease. In this way perhaps the 
interpretations of isolated findings on this subject will be made easier. In 
addition, we will take opportunities, too. to emphasize the many areas in 
which further investigative studies may be especially fruitful. 

On the basts of location, two types of eccrine glands can be difTcrentiated; 
those on the palms and soles which respond primarily to mental work and 
emotional stimuli, and those in the remainder of the skin which act mainly 
in a thermorcgulatorj' role. All eccrine sweat glands arc innervated by sym- 
pathetic fibers, but the secretion is induced by cholinergic agents. The nen'c 

* Tlie sun’ey of the literature pertaining to this review tins concluded in June, 
I960. 

Preiiaration of this review vras supported In part by the United States Public 
Health Service, NIAID Grant E-3102», NIAMD Grant A-190S(R1)* and in part by 
the Office of the Surgeon Genera! (Contract No. DA-49-0O7-MD-977).* 
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The concentration of urea ia enormously variable, wth a range of 3 to 200 
mg. per 100 ml. 

It is difficult to appraise the meaning of the so>ca1Ied normal concentra- 
tion of sodium chloride in sweat. So many variables enter into this situation 
that to speak of a normal sweat sodium or chloride is probably as meaning- 
less as to refer to a normal urinary sodium or chloride. It may, however, be 
stated with reasonable certainty that the sweat sodium or chloride concen- 
tration seldom exceeds 80 m.eq./l. It ts usually true, also, that the concentra- 
tion of sodium exceeds that of chloride by about 10 per cent. This is by no 
means a constant finding, and the ratio can easily be reversed by the admin- 
istration of large amounts of sodium chloride to a normal individual (11). 

Although it seems likely that active reabsorption occurs in the sweat 
duct, the evidence for this Is mainly inferential and circumstantial. Acker- 
mann (12) was probably the first to suggest it. Later, Lobitz & Mason (13) 
found that many constituents of sweat were more concentrated at low rates 
of sweating. They suggested that at these slow rates there was greater op- 
portunity for the ducts to reabsorb water. 

Schwartz, Thaysen & Dofe (14) studied the excretion of urea in eccrine 
sweat. Their findings implied that urea is carried into the duct in some pre- 
cursor solution and then concentrated by the absorption of a constant frac- 
tion of water. It has been shown, however, that the urea concentration of 
sweat may be less than that of plasma, especially at high rates of sweating 
(11). This finding is difficult to reconcile with the hypothesis of the preWous 
authors. 

More recently, Schwartz & Thaysen (15) studied the excretion of sodium 
and potassium in sweat. Sweat sodium concentration was hypotonic to 
plasma, ranging from 6 to 85 m.eq./l. Potassium, on the other hand, was 
invariably hypertonic. By comparing the rate of excretion of sodium and 
potassium with the rate of flow of sweat, they concluded that sodium, but 
not potassium, is reabsorbed by the duct by a process of limited caparity. 
SimiJarresults were obtained by Bulmer& ForwelJ (16). 

Although the urea concentration of sweat is inversely proportional to the 
rate of sweating (11), the concentration of sodium tends to be high at both 
high and low rates of sweating. The lowest concentrations of sodium were 
found at moderate rates of sweating. It is thus apparent that simple reab- 
sorption of water is not a suitable explanation for the regulation of the final 
composition of eccrine sweat. 

Recently, two difTercnt and novel approaches have been taken to in- 
vestigate the problem of rcabsorption in the sweat duct. Thompson (17) 
found that In autogenous freep^ftsof human dermis buried subcutaneously 
for periods extending to five years, the eccrine sweat glands uith their at- 
tached ducts suiv’ivcd. The ducts formed elongated blind sacs which did not 
reach the surfa« of the skin. After pilocarpine stimulation of the grafts, 
there was depletion of glycogen from ^th the secretory coil and duct. Since 
depiction of glycogen from the secretory coil is always considered to be asso- 
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to define "fatigue” as a decrease in the rate of sweating per gland. Sargent 
(24) has suggested the name "hidromdosis” for this latter phenomenon. 

Despite an enormous amount of work done by many investigators, the 
chemical composition of sweat and its regulation are far from being estab- 
lished and understood. This subject was thoroughly reviewed by Robinson & 
Robinson (21) in 1954. It is generally agreed that sweat contains about the 
same constituents as urine. Sodium and chloride are usually hypotonic to 
plasma while potassium and urea are hypertonic. The concentrations of all 
constituents vary widely and are dependent on many local and systemic 
factors such as rate of sweating, skin temperature, collection area, and 
method of collection. It has been generally accepted, for example, that the 
chloride concentration of sweat is proportional to the rate of sweating. This 
applies when short collection periods are utilized, during the first few hours 
after the inducrion of sweating. If sweating continues, a phase is reached 
when chloride concentration and sweat rate are approximately constant. 
However, after 4 to 6 hr. of thermal sweating, as the rate of sweating declines, 
chloride concentration increases so that under these circumstances sweat 
rate and chloride concentration are invei^ely related (11). Skin temperature 
also influences the composition of sweat (25), and the sodium chloride con- 
centration tends to be lower on cooled portions of the body and higher on 
heated areas. The electrolyte concentration of sweat will also vary depending 
on the urea of the body from which it has been collected. This is especially 
apparent with palmar sweat, which tends to be considerably more concen- 
trated than that from other areas of the body at low rates of sweating (26). 
Furthermore, it has been shown that collecting sweat under a vapor-imper- 
mcable barrier will result in a decreased rate of potassium excretion and an 
increase in that of creatinine (27). Previous exposure to a hot environment is 
also of considerable significance. The fully heat-acclimatized individual, for 
example, may excrete sweat with a sodium concentration of less than 10 
m.cq./l., whereas an unacclimatizcd subject can have sweat sodium concen- 
trations hypertonic to plasma cspedally on a diet high in sodium (11). 

Perhaps the major reason for these variations is a factor which only in 
recent years has come to be appreciated. The anatomy of the sweat gland is 
not static but undergoes w’idc cytologic changes as a result of sweating. In 
1935, Yuyama observed a loss of glycogen from the secretory cells of the 
eccrine sweat gland after stimulation with acetylcholine (28). This finding 
was later confirmed by Shelley & Mcscon (29). In more recent years, the 
subject has been extensively studied by Dobson e/ al. (8, 30, 31). It was 
found initially that as a result of a single 6-hr. episode of profuse sweating, 
marked morphologic changes occurred in the cells of the eccrine sweat gland. 
These changes consisted of loss of glycogen from both the secretory' coil and 
duct, ^•acuoli^ation and atrophy of the large pale cells, and depletion of 
SdiifT-posUive, diastase-resistant (SPDR) material from the small dark cells 
of the secretory coil. Recovery from these effects of profuse sweating has an 
Orderly progression, the major features of which include a return of glycogen 
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choline, however, the concentration of sodium in the f^^^/^ollins, 

This paradoxical situation may recently have been clanfiM ^ 

Sargent & Weiner (23) who found that repeated injections of acetyi 
or methacholine in high concentrations (200 to 400 pg™/®' ' j- Their 

a progressive reduction in the number of functioning ^as 

evidence suggested that a neurohumoral block rather than a 
responsible for the depression of sweating. If conventiona °'*fatieue” 

lecting sweat are employed, lowered output could be inte^ret « Question 
in terms of the amount of sweat produced per unit area. decrease 

is whether the term “sweat gland fatigue” is properly app le -enable 

in the number of functioning glands i)er unit area. It seems mor 
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adrenal gland, it would be of interest to know what the effect of aldosterone 
per se might be on the structure of the sweat gland. 

In addition to Cushing’s syndrome, the chemical composition of sweat 
has been found to be altered in a variety of systemic diseases. Conn has 
shown that the chloride content of sweat is elevated in adrenal insufficiency 
(34). After the administration of adrenal corticosteroids, the chloride re- 
sumed a normal concentration. The responsiveness of the sweat glands to 
adrenal cortical activity has led Conn et al. (35) and Gr;fnbaek (36) to advo- 
cate the determination of sweat electrolytes as an index of adrenal cortical 
function. Moseley and his co-workers (37) have reported that the concentra- 
tion of sodium in the sweat is decreased in hyperthyroidism and increased in 
hypothyroidism. These authors suggested that changes in adrenal cortical 
activity in thyroid disease were responsible for their findings. In hypothy- 
roidism it has recently been shown that the large pale cells of the secretory 
coil contain large granules of an amorphous mucoid material which could 
conceivably influence the function of the gland (38). It would be most inter- 
esting to know what changes such an abnormal gland would undergo while 
under the influence of profuse sweating. In hepatic cirrhosis, according to 
Eisenmenger et al. (39), there is a decrease in the concentration of sodium in 
the sweat. 

An interesting alteration in sweating in nephrosis has been reported by 
Warming-Larsen & Wallace (40). During the edematous phase of the disease 
the sodium concentration of the sweat was increased, but the sweat rate was 
reduced, resulting in an actual decrease In the total amount of sodium ex- 
creted. After diuresis, either spontaneous or induced by the administration of 
ACTH, the rate of sweating and sodium content of the sweat returned to 
normal. 

The mechanism of sodium retention in congestive heart failure has re- 
ceived considerable attention. Hughes and his co-workers (41) studied the 
concentration of sodium in sweat in 14 patients with congestive heart failure. 
OS these, lour had extremely low concentrations. Berger & Steele (42) also 
observed a decreased sweat sodium concentration and suggested that reten- 
tion of sodium was caused by an excess of DOCA-like hormone in congestive 
heart failure. Robinson & Robinson (21), however, have expressed doubt 
over this interpretation and attributed the low sodium levels obtained to 
salt depletion as a result of therapy with ion exchange resins. This viewpoint 
was supported by Reynolds (43) who found no decrease in the concentration 
of sodium in the sweat in 48 patients with congestive heart failure. In fact, 
one group of patients in this scries with both salt and water retention had 
sweat sodium concentrations significantly higher than the normal controls. 
After treatment of these patients the sweat sodium decreased in concentra- 
tion. These findings have been confirmed by Haugen (44). Unfortunately, 
the rate of sweating was not determined in these studies. This is important in 
that a high concentration of sodium in the sweat docs not entirely eliminate 
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. o L ,1 

to the h^srot slullr material is repiaeed 

‘'''"dX 6 hr. episodes of ptofuse steeating for ^7, Xdani 

duced a remarkable series of eytologic changes After ‘he se^nd^dj of 
sweating, glycogen was no longer depleted from the secretory . . 

nX cells Lwever, showed further atrophy. Alter the th.rd ep.sode of sweat 
?„ marked vacuolization of the secretory cells was seen, but agarn no loss of 
glycogen. Many multinucleated large pale cells were present. P«a““^Xe 
the result of fusion of adjacent large pale cells. Glycogen re ^ 
cells of the duct and was unaffected by sweaung. After fou y 
diminution in the number oi large pale cells was observed, as well as furUj^^ 
atrophy, vacuolization, and multinncleauon of those ‘a™®'"’ 
material was present in the small dark cells in its presweating ^ 

After five days, in addition to an accentuation in the changes see 
large pale cells, marked nuclear pyknosis was present in the large p 
especially in those containing multinuclei. -hanees 

In a more recent study (32), it became apparent that many of the c g 

observed in the sweat glands as a result of repeated episodes of sweating 
dependent on the salt intake of the experimental subject. In one group, 
example, given 30 to 40 gm. of NaCl orally per day, sweating did not proau 
depletion of glycogen from the secretory coil, and the cytologic change 
not as marked as was previously observed. In contrast, a group of J 
depleted of salt for one week (by means of a rice and fruit diet; p 
sweating showed loss of glycogen with each episode of sweating an 
marked cytologic changes, especially involving the large pale cells. « 

Mainly as a result of the work of Conn (33), it has been generally ^ 

that acclimatiration, the process by which the sweat 
ability to decrease its output of sodium chloride after repeated 
a hot environment, is clearly the result of increased adrenal cortica ac ‘ 

Conn postulated that initial exposure to heat results in excretion o ^ 

trated sweat leading to salt depletion. This, in turn, stirnulates t e ^ 
cortex. The increased excretion of salt-active adrenal cortical steroi 
in some unknown way on the sweat gland, reduces the 
the sweat. This hypothesis was supported by demonstrating tha e 
istration of deoxycorticosterone acetate (DOCA) to _ on 

results in the excretion of sweat with a lowered sodium concen 
first exposure to a hot environment. Furthermore, there is a ow co 
tion of sodium in the sweat in patients with Cushing s syn rome I ’ . 'g 
recently, it has been shown that salt depletion per sc pro These 

changes in the sweat gland even in the absence of sweating t,.-orren 

changes consist of atrophy of the secretory cells and a ° . y jj,e 

in the duct. Since salt depletion increases the excretion of a os 
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the sweat, but these were not as high as those observed in cystic fibrosis. 
The mechanism of this phenomenon is entirely unknown. 

Of course, the reasons for studying the human eccrine sweat gland, sweat- 
ing, and sweat are multiple and range from interests in bioclimatology and 
environmental physiology to specific diseases of the sweat apparatus itself. 
Thus, perhaps it is underetandable that a review of this sort would have 
difficulty in finding a common denominator on this subject. It is not usual in 
medical sdence for so much work to have been done on the chemistry of a 
secretion and on the physiology pertaining to the secreting structure itself 
when, at the same time, so little attention has been paid to the actual cells 
that produce these significant chemical and physiologic alterations in man. 
It is even more unusual in medical science for investigators to bypass a 
secretory structure so readily available for correlative studies of structure 
and function in man. Since it is now known that this eccrine sweat gland 
undergoes cytologic and histochemical changes as it srveats, a consideration 
of these changes becomes essential to a proper interpretation of the total 
picture of sweating abnormalities. An ideal observation on sweating, then, 
should include a correlation of function, sweat chemistry, and microanatomy 
after standardized stimuli, and with carefully understood or controlled 
internal and external environments. Perhaps much of the confusion, varied 
interpretation of results and seeming scientific paradoxes in this field may 
thus be avoided in the future. 
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the possibility ot sodium retention. For example, it has been shown in neph- 
Torthat alLugh the sweat sodium concentmbon 
of sweating is reduced so that there is an actual decrease in t 
sodium excreted. A similar effect could be present in ^ 

This is suoDorted by the work of Burch (45) who shov-ed that t 
sweating is reduced in congestive heart failure. After treatment the ra 

sweating returned to normal. _ „ . ^ f i,.t (46) 

In a study of many patients with hypertension, Da^es & Cla 11 

found a few with lowered sweat sodium Hium con- 

studied in both winter and summer to be certain that the lo 
centrations observed were not merely the result ‘„ “o- 

est was the observation that all the patients with low sweat 
trations were women with central obesity, rapid weight an ^ 
abnormalities. This combination of signs has been termed the e 
hypertensive syndrome." Since the other hypertensive 
normal sweat sodium concentrations, the authors suggested that 
retmning hormone of the adrenal cortex is not hyperactive m the m j 
of patients with hypertension but that it may be hyperactive m the e 


crine hypertensive syndrome. of 

Of all the diseases associated with changes in sweating, ^stic 
the pancreas has attracted the most attention by far. Following the o 
tion by Kessler & Anderson (47) that children with cystic fibrosis are esf^ 
daily liable to heat exhaustion, it has been shown that there is an incr 
electrolyte content of the sweat in this disease. In a representative * 

(48), the concentration ot sodium and chloride in the sweat of 

dren was found to be in the range of 7 to 38 m.eq./l. In children wi _ 

fibrosis there was a marked increase in sweat sodium and chloride, appro 

ing concentrations of almost 200 m.eq./l. It has also been shown that paren 

and siblings of children with cystic fibrosis may have increased concentra o 

of electrolytes in the sweat (49). The sweating abnormality in 

has been recently studied in detail in an adult (50). Even with 

episodes of sweating there was no tendency toward acclimatizaUon. j 

concentrations in the sweat varied from 60 to 225 m.eq./l. The hig est 

were obtained after se^'e^al hours of sweating. The excretion of 

urea, and lactate were normal. The structure of the sweat glan m 

fibrosis of the pancreas has been incompletely investigated. It 

ever, that there is a marked increase in the amount of mucoprotem wi 

small dark cells of the secretory coil (50). Children with A^modcrate 

butwithoutpancreaticabnormalitieswerealsoinvestigated (48). ^ 

but significant increase in sweat sodium and chloride was found m 


these children. , j other 

The electrolyte content of the sweat in patients with asthma . 
allergic diseases has been reported (51, 52). The majority of t * P . 
studied had significantly elevated concentrations of sodium and 



MEDICAL ASPECTS OF SPACE FLIGHT 
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One of the truly great milestones of human progress in this era is the be- 
ginning of space exploration which is now well under way. Numerous satel- 
lites placed in orbit near the earth have yielded vast amounts of new infor- 
mation about nearby space and about the earth itself. The knowledge of this 
has been obtained by means of ingenious sensing devices coupled with re- 
markable achievements in radio telemetry which makes possible remote 
measurements in the satellite that are transmitted back to earth. In addition, 
space probes have been directed toward the moon and some have gone into 
orbit about the sun. Similar radio telemetry information has been obtained 
on the environment of space at regular intervals. 

Space exploration and its implications have become the subject of public 
discussion from the scientific, political, social, economic, and vital national 
defense points of view. Informed individuals have pointed out that a well- 
conceived space program, together with strong leadership and an essential 
national determination to excel in this costly effort, will have undreamed-of 
benefits to mankind. 

As a group, physicians with their exceptional scientific training and broad 
backgrounds appreciate the magnitude of the great advances in the physical 
sciences, mathematics, and computers as well as those in engineering, tech- 
nology, and in the life sciences which are prerequisite to these achievements. 
However, they have been unusually slow in adapting many of these advances 
to medical research, instrumentation, and medical practice. This has come 
about largely because of the limited communications between highly spe- 
cialized physical scientists and engineers and physicians. The imminence of 
manned space flight as the next major step forward leads to the desirability of 
a review of our status in the life sciences, including medicine, necessary to 
support this effort. This paper will include primarily a consideration of the 
various human stresses involved in space flight so far as they are known and 
their medical implications. In addition, selection of astronauts wifi also be 
discussed. 

In a paper such as this it is not possible to include other than selected 
general references; consequently, references have not been given throughout 
the paper since the number would have become unwieldy. The bibliography 
lists a few' carefully selected general references that can set^’e as points of 
departure for further exploration of subjects of special interest. It is not pos- 
sible to elaborate on the en\dronmcnt of space as it is known at this time; 
howc\‘cr, any successful space craft must protect the individual with reason- 
able safety and comfort from all elements of this remarkably hostile environ- 
mcnL The bulk of factual Information is of comparatively recent origin and 
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orbits around the earth as contemplated in the Mercury project, acceleration 
is probably the most important of several physical stresses imposed on man. 
During the last war, extremely important Information was accumulated on 
the effects of acceleration on man by the use of several human centrifuges at 
the Mayo Foundation, at Wright Field, the Naval Aeromedical Laboratory, 
the high-speed sled tests using the tracks at Holloman Air Force Base, and 
others. Additional information is being collected on the largest human 
centrifuge in the free world at the Naval Acceleration Laboratory at Johns- 
ville, Pennsylvania. 


Motion Simulotion 



Fiq. 1. Motion Simulator— Devices for Producing Acceleration. (U. S. Naval Avia- 
tion Jfedlcal Acceleration Z.abofatory, Johnsvillc, Pa., from Carl C. Clark, Ph.D.) 

Acceleration is measured in terms of g which is the normal gravitational 
force acting upon our body and is equal to our mass or weight. If a force 
equivalent to 2 g should act upon an individual, he would, in respect to the 
direction of the force, weigh twice as much. The most important measure- 
ments in acceleration are the rate of onset in g’s per second, the direction of 
the g forces with respect to the long axis of the body and the time at peak g. 
Additional factors may also be of prime importance in relation to human 
tolerance limits to acceleration, such as the combined effects of the other 
stresses which may be Imposed at the same time. 

The normal young adult male can tolerate about 5 g for 5 see. before 
blacking out, owing to pooling of blood in dependent portions of the body. 
Three g’s may be tolerated for about 1 hr. and Dr. Clark of /ohnsvllle Ac- 
celeration Laboratorj’ tolerated 2 g for 24 hr. Under this acceleration he 
noted headaches, anesthesia of a finger, increased water retention, Increased 
white blood count, and reduced motI\*adon. Head motions must be kept 
minimal however, because of the corioHs effect on the semidrcular canals 
which causes disorientation and nausea. Had Clark been in a space vehicle 
accelerated at this level for 24 hr., he would have attained a calculated vcloc- 
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has been obtained from very high^altitude balloon flights to the 100,000-ft. 
levels, from sounding rockets up to several hundreds of miles, and from va- 
rious space probes, at least one of which has gone many millions of miles from 
earth with telemetered information available at regular intervals. Consider- 
able information has been obtained from Russian publications concerning 
their space flights, some of which have been with animals as have many from 
this country. Space technology, astrophysics, astronautics, astrobiology and 
related theoretical studies constitute fascinating and dynamic subjects of 
unusual general interest to phj'sidans. 

CuNicAL MEwatJE Versus Aerospace MEOiasE 
Clinical medidne concerns itself mainly with the stresses imposed on the 
human organism by \-arious disease processes, pathologic states, injuries, 
tome conditions, abnormal metabolic processes, psychosomatic, and psy- 
chiatric conditions. The diagnosis of these conditions and appropriate cor- 
rective therapy are most important. In aerospace medidne by contrast, the 
well-known techniques and standards from dinlcal and laboratory medical 
practice are employed to assist in the selection of Individuals who are essen- 
tially free from the stresses of concern in dinical medidne. Instead, the 
spedallst in aerospace medidne is preoccupied with the external stresses 
imposed upon the human organism by the circumstances of flight, both within 
the atmospheric envelope of our earth as well as in the environment of space 
beyond. The study of these stresses and their effects upon the human organ- 
ism requires a much broader multidisdpUnary approach and concept than 
previous medical, aeromedical, and related basic research. For this reason, a 
physidan who Is interested in this field must have additional training In 
a'dation medidne, physiology, and psychology as well as an unusually excel- 
lent foundation and aptitude in the basic suences, particularly mathematics, 
together with a willingness to work as a team member with other sdentists, 
engineers, and technidans. TTus may well become a pattern for much of the 
future research in medidne because of the ever-iacreasiag breadth of skills 
and fields of knowledge required. 

The stresses most important in space flight are: acceleration, heat, vibra- 
tion, radiation, decompression, hypoxia, weightlessness, noise, and Ulumina- 
tion as well as those concerned more rUrectly with the operation of the space 
craft itself, such as the atmosphere, day-night and rest-work cydes, diet, 
hygiene, fatigue, and psycholopcal factors. Human tolerances and fimita- 
tions must be determined to assist design engineers in the development of 
space vehides having an environment in which man can carry out his func- 
tions with reasonable safety and comfort. 

AcCEtERATIOK 

In projecting manned space vehides into space environment either in 
relatively short ballistic flights lasting only a few minutes or for a few 90- min. 
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The engineers must design space vehicles so that the man will not be 
subjected to forces either too closely approaching tolerance limits shown in 
Figure 2 on rocket boost into orbit and re-entry into the atmosphere, or those 
similarly approaching tolerance limits shown in Figure 3 on impact with the 
earth’s surface on landing. This is important because of the unknown extent 
of the adverse effect of other combined stresses on these tolerances. The 



Fio. 3. Tolerance to Deceleration. Human tolerance to linear deceleration limit 
for reversible incapacitation to: 

A. Rate of onset 

B. Magnitude 

C. Duration of dccelerative force in the forward facing seated position 

effect of extended periods of weightlessness on subsequent g tolerance is un* 
known. 

These data have wide application in preventive mediane because they 
provide physicians and engineers with precise information that can be used 
in automotive and seat belt design. The effective application of this knowd- 
edge can save hundreds of lives and prevent many serious injuries now sus- 
tained daily by individuals involved in automobile accidents. 

Heat 

So far, the measured heat levels maintained writhin orbiting capsules 
appear to be within tolerable levels. Heating of space vehicles due to aero- 
dynamic heating from air friction has not proved a very serious problem 
during the boost phase because speeds do not reach high values until the 
vehicle is largely beyond the earth's atmospheric envelope. The only way 
heat can be dissipated in space is, of course, by radiation. That side of the 
capsule facing the sun will become very hot while that facing away will be- 
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ity of 3.8 million miles per hour and would have traveled 45 million miles. 
Selected music provided an important distraction from generalized discom- 
fort. 

Individuals who have been subjects for acceleration studies have de- 
scribed the direction of g forces by using the direction in which the eyeballs 
tend to be displaced. “Eyeballs down” means upward acceleration with rela- 
tion to the long body axis and is the same as positive acceleration. “Eyeballs 
up” is the reverse. “Eyeballs in” is foreward transverse acceleration and 
"eyeballs out" is backward transverse acceleration. “Eyeballs right” oi 
"left” would similarly refer to traosverselateral acceleration. 

ACCELERATION TOLERANCE 



3. AceeJe/aikvi Tde/sacs. (Afltr Dr. Albert E Lambaeti, /r., 
McDonnell Aircraft Coip.) 


The study of g forces of short duration with rapid onset and high peak 
values acting in various directions cannot be accomplished on the human 
centrifuge because of power and structural limitations. For such studies, 
Colonel John P. Stapp and associates at the United States Air Force Ac- 
celeration Laboratory at Holloman Air Force Base, have used the high-speed 
rocket-propelled sled, together \rith an ingenious system of water brakes for 
the W’ork on tolerance to impact or high g forces, applied with very rapid on- 
set and with very short time durations. Figure 3 shows the limits of human 
tolerances to such impact type of accelerative forces. 
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Fig. 4. Mercury Space Capsule. Sometime before mid-1961, this aerodimamically 
unstable, 10-foot tall (6-foot diameter) capsule, bamessed to a Redstone rocket, will 
CJtrry one of America's seven astronauts briefly into apace. This cut-awTiy drawing 
shows the vital parts of the capsule, which will later be used atop an Atlas in a bid to 
establish the first manned satellite. Not streamlined like an airplane, engineers h3%'c 
designed faults into the capsule to slow it down and keep it cool as it re-enters the 
earth's lower atmosphere. To offset its inst3bliit>% either an automatic pilot or the 
astronaut himself, can control (from a box near his right hand) the capsule’s j'aw, 
pitch, or roll. A special shield, insulation and air conditioning will cut the outer 
skin's heat from 1,200 degrees fahrenheit to interior reading of about 120 degrees. 
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come very cold. Uolese equalized by some method or 
rtrTcdon^ls vlll set up stresses due to 

these Rotation of space craft to equalize heating and provi 

Sa 4 y may well have undesirable side cEects in onentation with head 

"’“orre-'entry to the earth's atmospheric envelope, heating 
Uon or aerodynamic heating becomes an extremely serious P™™' ' 
iuses most rieteors to flash into incandescence and aft 

meat of successful ways to avoid this for missiles 

travellingatorbltalornearorhitalveloauesof almost 18,000 p P 

velocitieLt over 25,000 mph, is difficult. In the 

been accompUsbed by the use o( an ablation type of heat shield 

PrectmUng of the capsule prior to re-entry to the earth's 
be accomplished. This stress has been shown to be witbln . 

perature tolerances by experiments with volunteers in space suite , 
chambers simulating the calculated times and temperatures of . 

in its re-entry. These time-temperature calculations have been ven 
actual test flights of the unmanned and monkey-containing 
Shown in Figure 5 are heat-time tolerances for human beings m light, 
piece clothing. .««fhftr 

Instead of the ablation shield used in the Mercury capsule,^ com- 
method of keeping a capsule from burning up is the use of a heat sm 
posed of materials like beiydlium which absorb large amounts of bM 
must be separated from the base of the capsule after re-entry. There is s i 
additional important method of dissipating the heat of re-entry 
atmosphere. This involves the use of newly developed materials wt 
tremely high heat resistance coupled with the use of stubby winge g * 
type vehicles (Dyna-Soar), which can skip in and out of the outer 
phere on its re-entry. This permits alternate heating and cooling by ra 
while gradually slowing down for final re-entry into the earth s 
The \rings will also pernut some soaring capability when within the a 
phere, thus providing choice of landing sites over a radius of many un 
of miles. 


Vibhatios 

Vibration has been a matter of concern as a human stress *^**^^3 or 
Most of the work has been done in nuUtary aeromedlcal 
under their auspices in other laboratories. It is encountered espeaa y 
boost and re-entry phases of rocket flight when it is superiropos o 



MEDICINE AND SPACE FLIGHT 


307 


laboratories. In this vacuum one finds meteors and radiation of all kinds 
travelling in all directions. One advantage of low-altitude orbits is that the 
space vehicle is shielded from almost one-half of these factors by the earth. 

Meteors and meteorites are potentially dangerous to space vehicles in 
proportion to their relative speed, mass and, as a consequence, the energy 
released on impact with the skin of the space vehicle. The damage ranges 
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from gradual etching of unprotected optica! surfaces and the polished skin 
of the vehicle from dust particles, to small craters from slightly larger masses, 
to small punctures, and finally catastrophic explosions if collisions with 
sizeable meteors occur. Whipple developed the concept of a meteor bumper. 
It will vaporize most of the smaller meteorites on impact so that hull pene- 
tration probability is reduced. The calculated probability of hits on a space 
craft by a meteorite capable of causing a puncture has been variouslj' esti- 
mated from once in a month or so to once per j'car. On one ocaiston, 1 7 im- 
pacts were recorded by telemetered sound pickups on a SO-cm. spherical 
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Fio, S, Heat-Time Tolerances for Humans. For studies of human perfonnance 
under heat loading, tolerance time ts related to operath’e temperature. (E. T. Carter, 
Space/Aeronautia, July 19S9.) 


accelerative forces. Recently, studies have been made using the shaVe-table 
as a laboratory instrument Here the subject is firmly fastened to a seat on a 
table a'hich mo%-es in a sinusoidal manner uith an excursion of about one> 
half inch at ^"arious cj'clea per seaxnd (cps). These studies are still in the 
early stages but indicate that organs and organ sj'stems of the body seem to 
have natural frequencies so that marked harmonic to-and-fro movements are 
set up as a result of certain %nbratiotia1 frequencies. These movements place 
tension upon ligamentous attachments and if continued, depending on the 
frequency, produce cardiac pain, nausea, ^'omiting, and even hematuria and 
bloody stools ha\'e been reported. Figure 6 indicates frequencies and related 
symptoms. The range from 2 or 3 to 30 c>'des per second appears to be the 
most important physiologically though there is another region around 40 cps 
'(rhlch has adverse effects as well. In spaceship derign, as well as in industry*, 
structures and operadons having these ribrational frequencies should be 
avoided or the occupant or worker should be shielded from thrir effect by 
suitable vibratfon-absorbing ordampeoiog derices. 

Meteosites 

The enrironment of space prorides a very hard vacuum of 10^* mm. Hg 
as compared to about 10“** mm. Hg as the best that can be obtained in earth 
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these conditions, bubbles of carbon dioude and nitrogen come out of solution 
in the tissues because the pressure is diminished more rapidly than the excess 
nitrogen in solution can be eliminated through the lungs. Armstrong proved 
that just as it was known to be unsafe to reduce underwater pressures by 
more than one-half at a time with a suitable period for adjustment, so also 



Fig. 8. Time of Useful Consciousness. Solid curves: time of useful consciousness 
®t altitude after rapid decompression breathing air (below) and breathing oxj'gen 
(above) in pressure cabin. 

Interrupted curve: time of useful consaousness after separation from oxygen 
supply in unpressurized cabin. 

it unsafe and symptoms were produced when the atmospheric pressure 
^■as reduced by more than one-half as in high altitude aircraft flights without 
adequate cabin pressurization. He called this aeroembolism. 

In either case, the symptoms arc similar be they in divers, pilots, or oc- 
cupants of disabled space vehicles and aircraft, and depend upon where in the 
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space probe in 10 min. Horc\tf, nolcnorleclgel* avaiJaWc torfeirrnwnt any 
damage resulting from these Impaclf- Much more rniornialjon from space 
as weJ! as from the lal»or.itory I* ref|uire«! in iKi area !o properly the 
mbs and probability of damaec a« ucH «f how best to provide pmlection- 



r»G. T. Meteor Bumper by WhjppVe. 


HvrowA Aso DecoMTKrssiOH 

II the space vehicle is punctured by a meteorite, Jealcs u ill occur and if 
not repaired immediately the passengers will be subject to hypoxia and de- 
compression or aeroembolism. There is limited lime available as illustrated 
by Figure 8, showing time of useful consciousness at various atmospheric 
pressures. For space vehicles the actual time as'ailabte will depend upon the 
rate of pressure loss. The time during which pressure is lost is mathematically 
determined by the sire of the hole, the volume, and air pressure of the space 
vehicle and the volume of stored gas which can be released per minute in an 
emergency. The symptoms and dangers of various levels of hypo:ua are well- 
known to physidans and m'll not be elaborated upon in this paper. 

Somewhat Jess welMcnomi is another effect of diminished atmospheric 
pressure related to decompression sickness as seen in divers, caisson workers 
and, more recently, in skin divers who remain at considerable depth and 
pressures for some time and then return to the surface too rapidly. Under 
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belt with energies of about 500 MEV or higher, are similar to those produced 
by a cyclotron on earth. It requires about 1 cm. of lead per MEV to shield 
against them. Thus, 400 MEV protons require about 4 cm. of lead for reason- 
able shielding. Such a minimum shell of lead 4 m. in diameter will weigh 
around 5 tons. Much larger boost rockets wll be necessary before such addi- 
tional loads can be projected into orbit. The softer radiation more character- 





Tim* 


FiC. 9. Human Tolerances to Radiation. Select Congressional Committee, Staff 
Report, Astronautics and Space Exploration, SSth Congress, 1959. 

Jstic of the outer Van Allen belt can be largely shielded by 1 or 2 mm. of lead 
though re-radiation from the hull may present some problems. An optimized 
radiation shield including the meteor bumper concept is shown as Figure 1 0. 

The medical implications of this level of radiation are obvious to physi- 
cians. However, exact determinations of relative biologic effectiveness 
\RBE) of radiation in space are limited by insufficient detailed knowledge 
®f the spectrum and the inability to reproduce all types of radiation in earth 
laboratories. In the equatorial plane at about 2000 miles altitude in the inner 
Van Allen belt, the exposure to man, if unshielded, is thought to be on the 
order of 5 to 10 or more r per hr. which \vou1d approximate the maximum 
alIo«'abIc yearly exposure as now estimated. Until much more powerful 
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body tissue the bubbles form. Symptoms may be primarily neurological, 
respiratory, joint pains, or skin sensory disturbances and they are often 
combined. They may be mild and transient, or increasingly severe and oc* 
casionally produce permanent disability or death- Since nitrogen is about 
five times as soluble in oils and fats, indmduals who arc stout arc usually 
more rapidly and seriously involved than lean individuals. The symptoms 
can be prevented or delayed by prebreathing 100 per cent oxygen for about 
2 hr. during which time most ol the nitrogen is removed from the body. This 
has long been used as a protective measure by military pilots who fly at ex- 
treme altitudes. 

Until recently, with the advent of commercial j'et transports which oper- 
ate most economically between 30,000 and 40,000 feet, the possibility of 
exposing other than military pilots and crewmen to decompression did not 
exist. Improvements in aircraft design and pressurization system reliability 
following earlier aeddents has all but eliminated this possibility in dvilian 
air liners. Until the extent of this problem has been determined by actual 
experience, occupants of space capsules during the early space flights will 
wear a full pressure type suit which is automatically inflated, should this be- 
come necessary. This will permit the occupant to suf^nve even the vacuum 
of space for some rime. 

Radiation 

In addition to meteoritic material which has obvious dangers to space 
vehicles there is a wide range of radiation both particulate as well as in the 
electromagnetic spectrum. Included in these are the cosmic ray particles 
consisting of protons and heavier atomic nuclei up to and including iron, 
stripped of their electrons, travelling at near the speed of light and in all 
directions. They originate in galactic space and from the sun, espedally dur- 
ing solar flares. The hull of the space vehicle protects man from some, but 
by no means all, of this radiation. Most radiation in nearby space comes from 
the sun and it is now believed that the earth is in the fringe of the solar 
corona. 

There is much more information needed on the particulate and electro- 
magnetic radiation spectrum in space, and additional facts are learned from 
each satellite and space probe. At present the spectrum of radiation in space 
is believed to consist of electrons with enei^ levels ranging up to more than 
1 million electron volts (MEV). There are protons with energies ranging up 
to 500 MEV or even higher, perhaps into the billions of electron volts, and 
the heavy nuclei of primary cosmic radiation have energies upwards of 500 
MEV as well as beta and x-rays of 0.5 to 5 MEV of iremssirahlung and nu- 
dear oridn. These originate in the hull of the space craft when molecules are 
struck by high-energy particulate radiation and destroyed with the libera- 
tion of x-ray and the formation of new materials. Neutrons are also present. 
The proton radiations, particularly in the inner Van Allen hard radiation 
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I over 240r/E4hrs 
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Fig. 11. Van Allen Particle Belts. Conditior^ Solar quiet; 
Radiatjon as speclBcally measured. 


utes of weightlessness, but it will not be until exposure, 

any real information will be available covenng shots. 

Based upon the limited experiences gained from . j gu^i as test 

it is believed that this will not prove too senous trained in weight- 

pilots who have become accustomed to flight an 'v times to which 

lessness insofar as this can be done in aircraft. The extent times 
man can adapt to extended weightlessness is not ye 
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in the vacuum of space 
Sound waves, of course, are not propag meteorite hits on the 
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Jijv 1(1 Radiation Shield Design. An optimum radiation-shield desl^ based on 
the presence of a larse flu* of low-energy protons. The outermost layer of lead reduces 
the radiative processes in these protons by introducing a high Coulomb barrier. This 
outer skin can be spaced from the inner structural skin using the meteor bumper 
design suggested by \\Tiipple. The skin of the vehicle itself is made of low atomic 
number material to reduce the radiation from electrons; also low atomic number 
materials have a higher stopping power per gram per centimeter than, e.g., lead. The 
Inner laj-er of h)-dfogenous material (fuel, propellants, plastic, water, etc.) serves to 
fragment heavy primaries of the cosmic radiation and thus reduce their biological 
effectiveness. (S. Fred Singer, U. of Maryland.) 

rocket boosters are developed to project capsules tn'th shielding into space, 
or possibly until some new approach to shieling Is developed, earlier manned 
space Kghts must be kept to below 40o miles or over about 30,000 miles 
altitude, well below the inner and outside the outer Van Allen belts, respec- 
tively. 

Even when space exploration is established, these high-radiation areas 
will probably be avoided or rapid transit times arranged to reduce total ex- 
posure. Nor can one be certain of keeping within allowable limits even in the 
lower radiation level zones mentioned above because major solar dares may 
temporarily increase radiation to dangerous levels even in these areas. With- 
out better sUelding even in the space outside the Van Allen belts, it now 
appears that radiation exposure may bt* the limiting factor on the length of 
trips. 

Weicetlussu^ss 

On no subject is there more speculation and less knowledge chan the 
phenomenon of weightlessness. Experioients with aircraft flown in Kepleran 
trajectories can approrimate weightlessness for theoretical maximums of 
about 75 to 90 sec. Durations of 15 to about 45 sec. are more common. Early 
manned ballistic flights with the Merctuy capsule will produce several min- 
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and any system developed must be Mctensively tested under space conditions 
to prove out designs, essential stability of cultures, and long-term reliability 
under the conditions of space. Liquid oxygen and certain metallic superoxides 
and electrochemical regenerative systems are possible sources of oxygen. 

Algae as food do not provide all the essential amino acids so that addi- 
tional protein sources must be prodded, such as perhaps fish or molluscs 
growing in an algeal solution, as well as perhaps a separate small hydroponics 
■ farm supporting chickens, and providing additional food variety. Human 
and other waste materials must either be dried and stored or indnerated in 
shorter flights, or re-used in the regenerative or closed ecological algae systems 
for longer periods. Care must be exercised to avoid placing debris in the 
orbital regions because of subsequent collision hazard. Periodically, a very 
light-weight disposable capsule may be retro-fired in such a way that the 
capsule together with all unwanted materials will be incinerated on re-enter- 
ing the atmosphere. 

Tee Selection of Astronauts 

Knowledge and experience gained from aviation medicine was the basis 
for the criteria in the selection of astronauts. The Special Life Sciences Ad- 
visory Committee of the National Aeronautics and Space Administration, 
representatives of the United States Air Force and Naval Schools of Aviation 
Mcdidne, Aeromedical Laboratories, National Sdence Foundation, and 
civilian specialists |oined in developing the selection procedures and medical 
criteria for astronauts. It u'as considered desirable for the first group to con- 
sist of specially trained c.Yperimental test pilots who met stringent physical 
and other requirements. They were to be less than 40 years of age and weigh 
less than 180 pounds, with at least 1500 hr. of pilot experience much of which 
was to have been in modern high-performance jet aircraft, and also possess 
an academic degree in engineering or the basic sciences. They were to be 
volunteers, very highly motivated, eager and capable of c.xtcnding their 
knowledge and training. This was extremely important in light of the NASA 
concept that, in addition to becoming an astronaut, each one was to be 
trained to become a spcdalist in some phase of astronautics such as propul- 
S'on, communications, life support systems, design and construction, naviga- 
tion, etc. Thus, additional preWous training and demonstrated interest and 
aptitude in these fields were important factors as well as the individual 
physical and other qualifications in final selection. I.ater on, volunteer sci- 
entists and physicians with special aptitudes, meeting all qualifications, will 
doubtless be selected for space crews based upon wh.at is learned from tlie 
e.irly space flights and the particular mission of future space vehicles. It is 
believed certain that in lime highly qualified women will also be included in 
space crews. 

There were several phasc.s to the astronaut selection process, not all of 
which were connected with medicine. First, records of sultahfe indivjduaf.® 
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IlXUMINATIOX 

Because ol lack of material in the ^’ac^uIn of space to pro^^de reflectance, 
the background is ver>' dark and the light is more intensely bright. Thus, 
the instruments may require intense illumination. This becomes marked 
above about 100 km. or 60 miles from the earth where brightness contrasts 
as high as 1 to 60,000 have been estimated by Campbell. This glare in sun- 
light and darkness in the shade may well produce eyestrmn by continuous 
efforts of accommodation. Protective lenses nill be required when ^den-ing 
very’ bright objects in space if retinal damage and disturbances to light adap- 
tation are to be avoided. Again, future experience alone can tell how severe 
this problem ^ill be. 

Cabik En^rosmest asd Atmospheres 
It is clear that man cannot (unction satisfactorily for tong periods when 
enclosed in a full pressure or space suit. While essential for the shorter early 
flights until the various hazards in space have been encountered and accu- 
rately evaluated, a "shirt sleeve" enx'ironment should be provided for longer 
periods. WTiile conjectural at this time, it is anticipated that for flights of a 
month or so, artificial gravity need not be protnded. Routine exerdses with 
simple equipment viW be required to insure physical conditioning. It has 
been determined that rotation of a space ship to produce artifidal gravity 
may produce disagreeable side effects because of the disorientation caused by 
head movements. 

It is expected that a level of compromise in cabin atmosphere will be used 
to provide S to 10 p$i pressure with proper oxygen partial pressure to provide 
near sea-level pulmonary oxygen partial pressure Ie\-els. Pure oxygen must 
thus be furnished if 5 psi is used and inert gas-oxygen mixtures used for the 
higher pressures. WTiile a simple pressure control is adequate for low-pressure 
pure oxy’gen systems, increasingly complex analysis and control systems are 
required for ^as mixtures. For misstoRs of about a month's duration, 
stored supplies of liquid oxygen or the use of super oxides may well prove 
economical weightwise. Carbon dioxide can be absorbed with lithium hy- 
dro.xide, odors removed by charcoal filters and \-arious methods can be used 
for toxic gas reraox’al. Temperature and humidity will be controlled by 
refrigeration systems. Supercordiog to freeze out carbon dioxide and toxic 
materials as well as remove excess moisture is a possibility. Much has been 
learned of toxicological problems from Nax-al nudear submarine experience 
v.here prolonged exposure to a ^ven atmosphere has shown that small 
amounts of substances not preWously considered toxic, as used in industry’, 
became so when breathed continuously. For longer flight periods a photo- 
sj-nthetlc gas exchanger is desirable, uting special algeal cultures or hydro- 
ponics farms to remove carbon dimdde, liberate oxygen, and prox-ide food 
sources. This still requires a large and costly research and development effort 
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electroencephalogram, Master's double twO'Step, tilt table, and complete 
radiological studies using low-exposure techniques as well as a most complete 
laboratory work-up. A list of tests in addition to routine clinical tests is sho^vn 
as Table I. Part of the laboratory work was to obtain base-line information 
for future reference. 

Certain physiological tests of physical competence were added which 
provided specific information on the maximum physical effort the body was 
able to exert safely. Here a bicycle ergometer was used. This was considered 
a dynamic test in engineering and scores achieved were compared to those of 
normals by age group in terms of oxygen uptake per kilogram of total body 
weight and per kilogram of lean-body mass per minute at maximum effort, 
oxygen pulse (the number of cc. of oxygen in the cardiac stroke volume at 
maximum effort), circulating blood volume, and hemoglobin. 

Total body water, using the tritium dilution method, total body radiation 
counts, made through the courtesy of the Los Alamos Scientific Labora- 
tories, for total body potassium determinations and body specific gravities 
were useful in checking the lean-body mass determinations. These tests were 
done at the Lovelace Foundation and Clinic located in Albuquerque, New 
Mexico. 

The stress tests, conducted at the United States Air Force Aero Medical 
Laboratory at Wright Patterson Air Force Base, carried the concept a step 
further In that here each individual was subjected to a uniform series of 
severe physiological stresses and the body responses carefully measured over 
an extended time period. These are considered roughly analogous to engi- 
neering fatigue tests. Blood pressure, pulse rate, respiration, and electro- 
cardiograms and other measurements as appropriate were made. It now ap- 
pears as though performance tests while the subject is under stress, so devised 
that accurate grading is possible, will in the end prove the most meaningful 
in selecting individuals for space crews once it is determined that they have 
no medically significant defects. For economy and efficiency these tests may 
well be combined with training and final crew selection. 

The stress tests done at the Aero Medical Laboratories were intended to 
be meaningful in terms of the stresses to be encountered and included heat 
tolerance testing for 2 hr., standard acceleration tolerance, test runs on a 
centrifuge, altitude tolerance in a partial pressure suit at 63,000 ft. simu- 
lated in a low-pressure chamber for I hr,, isolation tests for a brief period, 
modified cold pressor tests, vibration tests, performance tests in a high noise 
field, and additional physical competence tests. Also at the Aero Medical 
Laboratory, psychiatric and psychological evaluations were made as well as 
complete anthropological studies. 

One of the noteworthy accomplishments in connection with the astronaut 
examinations is that all information on all the tests done was recorded on 
specially designed medical machine record cards of the International Business 
Machine Corporation (IBM) type. This provided capability of applying 
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meeting the criteria noted above were screened, personal interviews arranged 
to determine interest, and written examinations taken to indicate breadth of 
readily available knowledge. The physical examinations, physiofogic and 
stress tests preceded a final selection by NASA officials at which time all 
factors were weighed and the first seven astronauts selected. 

The medical evaluation and selection procedure of special interest to 
physicians made use of engineering conapts to some extent as well as long- 
established aeromedical and clinical medical procedures. In this sense, a 
most careful medical, family, and special aviation history, physical examina- 
tion, laboratory, and x-ray tests were done and were considered generally in 
the nature of a static test of the body essentially at rest. 

An unusually complete physical examination was performed on all candi- 
dates including special tests in ophthalmolog>', otorhinolaryngology, audi- 
ology and voice recording, nerve and neuromuscular conduction studies. 


TABLE 1 

Physical Examination Tests Pchfoiuied in Addition 
TO Usual Routing Checxs 


Exercise response 

blood pressure and pulse rate 

Complete ophthalmologtcal 
examination 

refraction, silt lamp, dark adaptation, dynamic 
visual acuity, fundoscopic photography 

Complete ENT examination 

including caloric test for equilibration function 

Audiology 

with tape recording cf specbl paragraph reading and 
perception in 80 db white background noise 

Dental examination 


Nerve 

conduction times and neuromuscular conduction 
studies 

Electroencephalographic study 


Radiology 

chest, PA inspiration, PA expiration, right lateral; 
colon, sinuses; lumbosacral spine, stomach and 
oesophagus. Techniques to minimize radiation. 

Laboratory 

blood grouping, hematocrit, special hematology 
smear, gastric analysis, cholesterol, protein electro- 
phoresis, catediolamines, PBl, serum electrolyte 
studies, 24-hour urinary steroid excretion, plus 
routine blood, blood chemistry and urine test. 
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lion in space. Many processes may well be extensively modified in surprising 
ways under weightless conditions and methods must be devised to overcome 
them. Redundant systems must be provided for safety for all \'ital support 
functions, particularly during the test phases. Nutrition and metabolism 
studies must be made, food requirements determined, suitable types of foods 
must be discovered and food preparation methods developed appropriate for 
the use of man and animals in space. Effective ways of overasming loneliness 
and boredom, maintaining health, morale and physical fitness, and overall 
effectiveness under space environment, must be tested. How to provide satis- 
factor^' spatial orientation may prove troublesome. All mechanisms of hu- 
man adaptation to space conditions must be studied and ways developed to 
facilitate those adaptive processes. Simpler and more meaningful ways of 
selecting astronauts and space crews must be developed on the basis of addi- 
tional experience. 

Radiation shielding must be tested. The final determinations of a proper 
work-recreation-sleep cycle and studies of day-night cycling must be verified 
as well as of fatigability under space conditions. Perhaps a variety of duties 
keeping astronauts busy during their waking hours will prove to be prefer- 
able to a recreation period. Selected music may also be helpful. Finally, the 
best ways of accomplishing all of the required studies in meeting human re- 
quirements in space, plus building space vehicles and boosting them into 
orbit within weight and dollar cost limitations, are among the most difficult 
problems of all. 

Man-Machine Relationships 

In considering the philosophy and logic of the designs of space craft from 
a broad medical point of view, serious consideration must be given to the role 
of man in his relationship to automatic or semiautomatic instrumentation 
sensing and control mechanisms. Automation in industry has also focused 
attention on man-machine relationships. Some scientists and design special- 
ists favor unmanned space vehicles in the belief that sensing devices can be 
made, coupled with computers, telemetering, and actuating mechanisms 
which will meet the requirements. These would eliminate the necessity of 
carrj'ing a man, together wth the necessary environmental control and life 
support systems. This approach has necessarily characterized all prerious 
satellites and space probes except those \\'ith animats and should certainly be 
used In future exploratory space flights where recovery is doubtful. Continu- 
ing improvements in concept and design of sensing instruments, coupled with 
improved computers and actuating devices and increased reliability over 
time, lend some support to this xiew. 

However, most scientists are of the opinion that stable, highly intelUgcnt 
trained human operators can do a number of essential things better than . 
instruments alone and can thus add materially to mission success by monitor- 
ing automatic instruments, sensors, and computers and by making appropri- 
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and effort. Further developments in the art of information display in more 
meaningful forms, especially the use of complex relationship displays, will 
make the physician's task easier. TTiis becomes increasingly important to him 
as the amount of medical factual data in the many specialized fields of medi- 
cine still further exceed the storage and retrieval capability of any human 
mind. Recording medical information, now largely unretrievable and unusa- 
ble in hospital and clinic record rooms, can be revolutionized so that impor- 
tant advances in clinical research arc made practicable. A computer of the 
future may well provide the practicing physicain with the equivalent of a 
broad consultant staff to aid him in his difficult diagnostic problems by giving 
more statistically probable diagnoses and perhaps even suggesting additional 
tests which might be done to further narrow the possibilities. This will require 
recording of medical information in a form compatible with computer inputs. 
The programming of such a computer may well become a vital additional 
future duty of the National Library of Medicine or the American Medical 
Association for which a staff or groups of outstanding medical specialists of all 
categories will be required to weigh and validate factual medical information. 
It is altogether possible that some present concepts in medicine may not 
stand rigorous scientific testing for validity. 
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NEUllAL CONTROL OF ENDOCRINE FUNCTION'-^ 

Gordon Farrell, M.D.* and Elizabeth W. Rauschkolb, M.D. 

Departments oj Physiology and Dermatology, Western Resene University 
and University hospitals, Qeveland, Ohio 

A classification of neuroendocrine mechanisms based on the number of 
endocrine organs interposed between the centra! nervous system and the 
ultimate target tissue has been suggested by Rothballer (1). The classifica- 
tion is unique, logical, and convenient. The following summary of certain re- 
cent advances in the physiology of neuroendocrine relationships will utilize 
the framework of this classification, with minor modifications. 

One of the important new devefopments is the emergence of the concept of 
inhibition as an endocrine function. We shall touch upon neurohumoral 
inhibitory mechanisms in an effort to bring these within the structure of the 
classification.^ 

No effort will be made to review the literature exhaustively on any one 
topic (i.e., adenohypophysis and adrenal cortex, or control of TSH release or 
of gonadotropin secretion) since several excellent recent reviews devoted to 
these subjects are available. The authors have selected a rather small num- 
ber of publications in an effort to illustrate the general thesis of the categori- 
zation. Emphasis will be placed on unanswered questions. 

First-Order Neuroendocrine Mecdanism 

In this simplest neuroendocrine relationship, a neuron whose cell body is 
within the central nerv'ous system secretes a substance which is carried in the 
blood stream to act directly on target somatic cells. The secretion of anti- 
diuretic hormone is an excellent example. This hormone (ADH) is elaborated 
«ithin the cells of the supraoptic and paraventricular nuclei, transported 
(possibly with continued synthesis) along the axons of these cells to the 
neurohypophysis and released into the blood (2 to 5). The pituic>’tc has an 

* The *ur\’ey of the literature pertaining to this review was concluded in October, 
I960. 

* The following abbro'iations will be used: ADH (antidiurctic hormone); CRF 
(corticotropin-releasing factor); FSH (follicle-stimulating hormone); I(3SH (inter- 
stitial cell-stimulating hormone); MSH (melanoc>'te-stimulating hormone); TSH 
(thjToid-stimuUting hormone). 

* EsLiblishcd Investigator, The American Heart Association. 

* One might well ask, what is the raison d'llre of Inhibition in the endocrine sj-s- 
t^? StimuUtion is the only ncccswry hormonal action if the activity of the target 
tissue spontaneously subsides in the absence of continued stimuLition and if the rate 
of decline of activity (when stimulation is removed) is rapid enough to permit ade- 
quate adaptive responses. The btferinaybcan Important limitation, and, in certain 
in<.t.tnccs, prompt rcs'erral of the effecU of a stimulatory hormone by an inhibitory 
factor which acts on the same target tissue may be necessary for homcoataif*. 
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Although a problem arises in deciding which is stimulatory and which in- 
hibitory in terms of effects on the melanoc>'te, it is convenient to think of 
MSH secretion as a second-order stimulatory neuroendocrine mechanism and 
melatonin secretion as a second-order inhibitory neuroendocrine mechanism. 
The end result is a nicely adjusted, facile system for the control of pigmenta- 
tion which is important for lower forms of life. The MSH-melatonin relation- 
ship raises the possibility of other instances of antagonism between pituitary 
and pineal hormones. 

Second-order neuroendocrine relationships may exist in connection uith 
two adenohypophyseal factors; growth hormone and prolactin (1). Both hor- 
mones act directly on target cells without the necessary interposition of other 
endocrine tissue. However, inclusion of these two tropic hormones in this 
category obviously involves certain assumptions. The regulation of the secre- 
tion of growth hormone is obscure. Lesions of the hypothalamus increase the 
hypoglycemic response to insulin, possibly as a result of reduced growth hor- 
mone secretion (24), suggesting a stimulatory role for the hypothalamus. 
However, rats wth transplanted pituitaries grow almost as well as do normal 
animals (25), and tadpoles with pituitary transplants grow faster than do 
controls (26). There is a suggestion from the latter findings that the hypo- 
thalamus inhibits growth hormone secretion. The concept is not unique. The 
hypothalamus tonically inhibits prolactin secretion according to some 
workers (27). Indeed, lesions of the medial basal tuberal region lead to initia- 
tion of milk secretion, as though an inhibitory mechanism were interrupted 
(28). On the other hand, oxytocin stimulates prolactin release, leading other 
workers to postulate that it is the neurohumoral factor that controls prolac- 
tin secretion (29, 30). There seems to be disagreement on this point (31). The 
possibility remains that both stimulatorj’ and inhibitory neurohumors are 
concerned in the regulation of growth hormone and prolactin, a compromise 
point of view which may also have to be taken in the instance of certain other 
pituitarj’ hormones, notablyACTH (videiu/ra). 

Third-Order Neuroendocrine Mechanisms 
The central nervous system stimulates endocrine tissue to elaborate a 
hormone which, in turn, stimulates a second endocrine tissue to secrete its 
hormones to act on the somatic target tissue. The secretions of adrenocortical 
steroids, sex hormones, and thyroid hormone(s) are under the control of 
such complex systems, which are third-order neuroendocrine mechanisms ac- 
cording to this classification. The possible teleological basis for such com- 
plexity has been discussed by Rotliballer in terms of timing and duration of 
hormone action, amount of the final hormonal products released into the 
circulation, and increased possibilities for sensitive control (1). 

Much of the credit for the original research on the neural control of such 
systems l^elongs, of course, to Harris {32, 33). The neural regulation of ACTH 
accretion in particular has been studied in «>me detail. There is no question 
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ilt-dcfincd role in the process (6). The hormone acts directly on renal or 
bladder tissue (7). 

Oxytocinc secretion probably belongs in the same category’ as that of 
ADH. It is secreted by neurons whose cell bodies lie within the hypo- 
thalamus and released in the ncurohypophsis just as Is ADH (8). Overlap- 
ping biological activity and the occurrence of transitional forms of the two 
hormones tn some species reflect a common evolutionary' pathway (9). 

Secoso-Order Neoroes’docrjne RELATiossmrs 

The utilization of an endocrine tissucasan intermediatestep between the 
central ner\'ou5 system and somatic cells is considered to represent a second- 
order neuroendocrine mechanism. A dillicult decision must be attempted in 
the classification. How does one differentiate between endoenne tissue on the 
one hand, and neural tissue on the other? Rothballcr takes the position that 
the secretion of medullary catechol amines represents a transitional stage be- 
tween first- and second-order mechanisms, since the medullary cells arc of 
neural origin. However, for purposes of simplicity, we should like to suggest 
that a tissue of neural origin which has tost axons and dendrites and does not 
subserx’c conduction (but rather secretes a hormone) be classified as endo- 
crine tissue despite its cmbryotogical histoiy. In this light, the adrenal 
medulla would be considered as part of a second-order neuroendocrine 
mechanism. 

The physiology of the melanoc>*te-stimulating hormone has been the 
topic of considerable interest in the past few years. The hormone is believed 
to be secreted by cells In the pars intermedia in response to stimuli (neural or 
neurohumoral) traversing the pituitary stalk and to act directly on the 
target tissue, the melanocj’te (10 to 14). The system can thus be classified as 
a second-order neuroendocrine mechanism. The hormone induces pigment 
granule dispersion and ultimately mclanogenesis (12). It is curious that 
ACTH is also active in pigment dispersion and possibly in mclanogenesis 
(11, 15, 16) although MSH has no ACTH activity. A possible e.xpIanation is 
found in the recent exposition of MSH structure (17, 18, 19). The sequence 
of amino adds in MSH is found in ACTH; MSH may be released during the 
metabolic degradation of ACTH. Prolactin also promotes mclanogenesis and 
potentiates MSH action (20). Does its structure also contain the amino add 
sequence of MSH? 

Important de^’elopments haxt occurred in the eluddation of another 
second-order neuroendocrine mechanism, the secretion of melatonin by the 
pineal. Melatonin IN-acetyI-5-methoxytr>'ptamine (21)] reverses the pig* 
ment-disperang action of MSH by direct action on the melanocy'te (14, 22, 
23). Additional information is needed as to which pineal cells secrete the hor- 
mone and the manner in which these cells are stimulated. It appears that re- 
lease of melatonin is gowroed by a neural mechanism responding to light 
(23). 
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Exploration of this concept may be very profitable, perhaps leading to an ex- 
planation of some of the discrepandes found in the literature dealing with the 
hypothalamic-pituitary mechanisms. 

It should be pointed out that posdbilities for hormonal inhibition occur 
at three places in a third-order neuroendocrine mechanism. In the ACTH 
system these would be; (a) within the brainstem at the cells which secrete 
CRF; (&) at the adenohypophysis to block the action of CRF or to directly 
inhibit ACTH release; or (r) at the adrenal. The feedback mechanism by 
which cortical steroids inhibit steroidogenesis apparently acts at all three 
levels (68, 69). A curious but apparently physiologically significant inhibition 
of steroidogenesis also results from estrogen administration (70). ACTH it- 
self may reduce ACTH secretion (71). These latter phenomena may belong 
in the category of fine adjustments in the system. 

The literature contains other intriguing observations whose implications 
can only be surmised. Why does testosterone administration increase adrenal 
weight in the hypophysectomized rat (72)? Do vascular changes in the 
hypophyseal portal system play a role in the hypothalamic-pituitar>' rela- 
tionship (73)? Why does the pattern of certain urinaiy steroids (prcgnanct- 
riol, dehydroepiandrosterone) change spontaneously and independently of 
the others (74)? And, finally, why do certain brain lesions (particularly In the 
septal region) change the pattern of cortical steroids in the adrenal effluent 
(75)? 

The systems for the control of sex hormone secretion arc also third-order 
neuroendocrine mechanisms. As Is the case witli the ACTH-adrenal cortex 
axis, the central nervous system undoubtedly plays a major role in controlling 
gonadal activity. Luteinizing hormone is released at a particular time of day 
(independently of ACTH output) (76). There is diurnal variation in sensitiv- 
ity to chorionic gonadotropins, presumably reflecting some change in central 
nervous system function (77). The normal cstrus cycle is interrupted by 
rescrpinc (78) and the drug leads to menstrual irrcgularitiesin monkeys (79). 
Ovulation occurs in response to vaginal stimulation and the phenomenon is 
facilitated by estrogen (80). The list of such obsen’ations which implicate the 
brainstem in sexual actKniy js long, and only a few of the more recent obser- 
vations are listed here. 

Lesions in the ventromcdianareaof thcprcoptichypoth.alamus block pro- 
gestcronc-induccd ovulation in the chicken (81) and posterior median emi- 
nence destruction leads to testicular and prostatic atrophy and reduction of 
pituitary ICSH and FSII (82, S3). Lcsionsof the median cminenccand pitui- 
tary' sulk also reduce release of gonadotropins In the ewe (84). Dasal tubcral 
lesions block copulallon-induccd ovulation and damage to the mammillary 
bodies results in refusal to mate (85). Lesions at the mcscnccphaUc-dien- 
cephalic junction also block ovulaUon (86). However, the anovulatory slate 
achieved in the chichen by lesions of the median dicnccphalon is temporars',' 
a longer period of anovulation follows lesions of the preopt ic hypotlralamus. 
supraoplico-hyjjophyscal area or dorsocaudal thalamus, but rccovcrj’ is 
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but that the centra! ncr\’ous aj^stem plays an important role in the acute re- 
sponses of the adrenal cortex to stressful conditions, and in inducing cyclic 
changes in steroidogenesis (34, 35, 3(9. Transection of the brain stem pro- 
foundly alters the responsiveness of the system (37, 38, 39). The median 
eminence seems to be the final common pathway, perhaps the source of the 
ncurohumoral factor for ACTU release (corticotropin-releasing factor, CRF). 
Lesions in the median eminence, or stalk section, prevent the acute response 
to stress (-lO to 44), ,and stimulation of the ventral hypothalamus activates 
ACTil release (45, 46). 

The corticotropin-releasing factor has not been identified as yet. Vaso- 
pressin stimulates ACTH release in intact animals and in animals bearing 
median eminence lesions, and it breaks through steroid blockade (47 to 51). 
It also acts to increase ACTH output when introduced into the third 
ventricle or when applied topically on grafted pituitarics (52, S3). But anti- 
diuretic hormone has an ubiquitous action: it induces ascorbic add depletion 
in decapitate rats, potentiates the action of ACTH, and has a direct A(n*H- 
like action of its own (54 to 57). Corticosteroid levels are not necessarily in- 
creased in antidiuresis (58). Further, three groups of workers have eudence 
of CRF factors other than ADH from median eminence tissue or hypophy- 
seal portal blood (59, 60, 61). The final resolution of the problem is compli- 
cated by the phenomenon of overlapping biological activity of hormones of 
related structure. It might be thought possible to resolve the question by 
purifjing the %‘arious candidate factors and determining which is the most 
potent. Unfortunately, there is no guarantee that the most potent is the 
natural secretory product. Characterization of CRF as obtained from hypo- 
physeal portal blood (61) would seem to offer the best approach to the prob- 
lem. 

Even should the nature of CRF be determined, perplexing questions in 
the regulation of ACTH release still exist. Adrenal hypertrophy occurs in re- 
sponse to chronic stress in rats with median eminence lesions. Arguments 
have been presented (or two systems for the stimulation of ACTH, perhaps 
for the existence of two corticotropins (44, 62, 63). The isolated pituitary 
sff« (the brain removed rostral to the roidbrain) has a high resting level of 
ACTH output, but responds to stress, thus implicating a stimulatory factor 
from the hindbrain, the output of which is normally restrained by higher 
centers (64). Stimulation of the area prcoptica or upper posterior dien- 
cephalon leads to prolonged depression of cortical steroid output (46, 65). 
Inhibition of ACTH release may be involved, although the secretion of a 
factor which inhibits steroidogenesis at the adrenal level cannot be excluded. 
The obsciamtion that certain fractions from pineal extracts reduce steroid- 
ogenesis, probably by direct action on the adrenal (66), lends credence to the 
latter possibility. There is additional evidence that the pineal may be the 
source of factors which antagonize the adenohypophyseal hormones (67). Is 
it possible that a balance of sUmulatory-inhibitory' neuroendocrine mecha- 
nisms exists for the control of stercadogeness just as it doesfor pigmentation? 
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inhibited at the level of the gland itself? Very little evidence exists for such a 
system, but there are a few suggestions in favor of the concept. A factor from 
serum has been described as an inhibitorof thyroid function, and purified ex- 
tracts of plasma contain more TSH activity than can be accounted for in the 
whole plasma (108, 109). ft is odd that triiodothyronine depresses thyroid 
function more effectively if the pituitary is present than if it is absent (110). 
Does the pituitary secrete a thyroid inhibitor? 

The secretion of aldosterone is subject to influence by a complex system 
which is not as yet completely understood. There seems to be little question 
but that the third-order hypothalamic-adenohypophyseal pathway for the 
regulation of the secretion of the other corticolds participates in aldosterone 
control.® Hypophysectomy results in a quantitatively variable but qualita- 
tively consistent drop in aldosterone output (111, 112). Ventral hypothalamic 
lesions which reduce cortisol secretion (presumably as a result of decreased 
ACTH) also lead to a reduction in aldosterone output (43, 113, 114). How- 
ever, numerous instances of the independence of aldosterone secretion rates 
from those of the other corticolds have been documented [see retdews (115, 
116)], and evidence has been presented for a circulating hormone specific for 
aldosterone secretion (117, 118). What remains to be determined is the chemi- 
cal nature and source of the hormone that modulates the secretory activity 
of the adrenal in such a way as to promote aldosterone synthesis. Three 
groups of workers have obtained fractions from urine which selectively in- 
crease aldosterone output. These appear to be protein or lipoprotein (119, 
120, 121). A lipid factor (adrenoglomerulotropin) from pineal tissue selec- 
tively stimulates aldosterone output in the decerebrate dog (122, 123). The 
material has been partially purified, and appears to be quite potent (124). 
Adrenoglomcrulotropic activity appears in the vein of Galen under conditions 
of hemorrhage (124). The latter obsen'ations would appear to invoke the 
pineal as the organ responsible for the selective changes in the steroidogenesis 
oJ aldi^stcroiK. The sysCenr wxJCfW he rfassffieri as a third-order mechsttistn. 
However, pinealectomy does not permanently reduce aldosterone secretion or 
prevent the expected response to sodium deprivation (125). As a matter of 
fact, rcmox’al of the pineal seems to exaggerate the eflccts of sodium depriva- 
tion, resulting in a near-doubling of both cortisol and aldosterone secretion as 
compared with controls subjected to the same conditions. A possible explana- 
tion is the existence of a pineal factor which inhibits steroidogenesis (125). It 
is interesting, in this connection, that while certain midbrain lesions in the cat 
depress aldosterone secretion, other larger lesions in the same general area re- 
sult in a significant elevation in output of the steroid. These results were in- 

• No efTort has been made in this review’ to consider the receptors and afTerent 
pathwaj-s subser\nnE the control of endocrine activity. However, the extensive and 
v.'cll<ontrolled studies of Gann and Ilartterand their collaborators on these aspects of 
the regulation of aldosterone secretion deserve comment. TTieir results indicate that 
prcs-oreceptors in the carotid arteries reflexly affect aldosterone output. Evidence is 
aUo presented fora cerebral chemoreceptor mechanism (143, J44, J45}. 
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again obser\-ed (87). On the other hand, certain lesions of the anterior hypo- 
thalamus below the massa intermedia and of the amygdala induce precocious 
sexual activity (88, 89). A more precise localization of the area concerned in 
this phenomenon has been reported, placing it in the arcuate nucleus of the 
posterior tuberal region (90). Non*spcd6c effects of cranial surgery may pre- 
sent a problem in interpretation; precodous activation of ovarian function 
has also been reported following sham operations (91). Taken as a whole, 
there seems to be a clear suggestion (hat both exdtatory and inhibitory' com- 
ponents exist at the first step in this complex neuroendocrine system. The 
locus of action of inhibition remains unknown. Ko one as yet has taken a firm 
position on the concept that a neuroendocrine inhibitor for ICSH or is 
carried to the adenohypophysis by the portal circulation. Nevertheless, it 
seems a possibility worthy of exploration, particularly in view of the ed- 
dence for central nervous system inhibition of prolactin release (27). Is it pos- 
sible that the precodous sexual development obseiwed as a result of certain 
brain lesions is the consequence of disruption of the habenular-pineal com- 
plex, believed to be the source of an inhibitor or inhibitors of gonadal actidty 
(67)? 

A negative feedback system has been described in which the further re- 
lease of gonadotropins is inhibited by the discharge of gonadotropin (or 
estrogen) following coitus. The locus of inhibition is probably within the 
brainstem as judged by concomitant EEG and behavioral changes (92, 93, 
94). 

The nature of the presumed neurohumor which stimulates gonadotropin 
releaseis not known. It could probably have been predicted that the poste- 
rior pituitary hormones would be invoked again, and they have been (95), 
but with no more assurance than in the case of ACTH or prolactin release. 

The control of thyroxine secretion falls into the pattern of a third-order 
neuroendocrine mechanism. Destruction of an area in the anterior hypo- 
thalamus leads to diminished TSH release (96, 97, 98, 99), A neurohumor of 
unknown chemical nature may be secreted by cells in the area and acts on 
the adenohypophysis via the portal circulation, although the secretion of 
TSH may be less dependent on the hypothaJamus thaa is the case Mth the 
other tropic hormones (33, 100). Once agmn, the suggestion has been made 
that the posterior pituitary hormones are in\’oJved (101), but there is little 
support for the concept since thyroid function is not altered by repeated ad- 
ministration of vasopressin or oxytocin (102). We may probably expect the 
same kinds of problems to arise in the study of this neurohumor as are cur- 
rently being encountered in the study of CRF. Overlapping biological activ- 
ity confounded by the mechanical difficulties in obtaining the neurohuraor as 
secreted will undoubtedly delay the eventual resolution of the question. 

A negative feedback system operates in the TSH-thyroid relationship as 
it does in the other third-order mechanisms. Thyroid hormones inhibit TSH 
release at both the hypothalamic and pituitary levels (103 to 107). The ques- 
tion arises: is there a humoral mechanism by which thyroid activity is 
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filtration rate. Although Smith spoke in terms of a factor that causes sodium 
retention (quite the opposite of what was observed in Wise & Ganong’s 
work), the concept that the brainstem participates directly in controlling 
renal function is clearly supported. Is it possible that cerebral sodium wasting 
(136) is attributable to hypersecretion of a natriuretic factor? 

A role for the midbrain in water metabolism was postulated by Gilbert, 
who found that lesions of the subcommissural organ resulted in reduced 
water intake (139, 140). The conclusions were questioned by certain workers 
who maintained that the effects were caused by postural changes. However, 
we have been able to confirm the obser\'ation in dogs who showed no postural 
changes whatsoever (141). Further, it has been reported that pinealecto- 
mized animals excrete a water load very slowly; the function is restored by a 
pineal extract indicating the presence of a diuretic factor in the pineal (142). 
Much additional work is needed before a final statement can be made. How- 
ever, it may well be that humoral factore arising in the dorsal brainstem or its 
neural appendages act to affect water metabolism, perhaps as a first-order 
neuroendocrine mechanism. 

Only time and additional research will supply the answers, but the un- 
folding of these newer (but perhaps paleontologically older) aspects of neuro- 
endocrine physiology should provide fascinating reading in the years ahead. 
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terpreted as pointing to an inhibitor}' area in the midbrain or posterior 
diencephalon (43, 115). 

It is to be emphasized that the problem is by no means solved. Efforts of 
other workers to obtain definitive answers have yielded little additional infor- 
mation. Denton and his co-workers are led to the conclusion that some struc- 
ture in the mesencephalic-diencephalic area is concemed with aldosterone 
regulation (126). Although the tvorfc tends to support, in a general way, the 
concept of central nervous system control of aldosterone it contains many 
contradictions, and final conclusions are scarcely possible (127, 128). The de- 
pendence on the rather improbable assumption that salivary sodium/po- 
tassiura ratios necessarily reflect endogenous aldosterone secretion rates may 
explain some of the discrepancies in the results of these workers. The 
physiology of the salivary glands, particularly with regard to electrolyte 
handling, is suffidently complex to preclude such a simple, albeit attractive, 
method of assay for endogenous aldosterone (129, 130). DaN-ts and his col- 
laborators have proposed the ladney as the site of origin of a factor for aldos- 
terone secretion (131). However, the paudty of published data at this time 
makesiropossibleafinal statement as to the validity of the concept. The find- 
ing of biological activity in extracts of kidney must, in general, be tempered 
wth caution, because of the proclivity of this organ to take up and store hor- 
mones Qnsulin, ACTH, ADH) obviously originating elsewhere (132, 133, 
134). 

Clouds os the Horizon 

Throughout this short rewew the authors have tried to emphasizewhat ap- 
pear to be the newer trends in endocrine physiology, occasionally straying 
far from the path of orthodoxy. This xras done with the full realization that 
many times what appears to be a new physiological system may eventually 
prove to have been only another aspect of the operation of sj’stems already 
known and well documented. Nevertheless, it seems nase to be alert to the 
possible emergence of hitherto unknown homeostatic mechanisms. In the 
literature are a few hints that this may be happening, particularly in the area 
of water and electrolyte balance. It was with considerable sceptidsro that 
many physiologists greeted Homer Smith's hypothesis of a brainstem hor- 
mone for the regulation of renal sodium handling (135), although Peters and 
his collaborators had raised the possibility beforehand (136). It must be ad- 
mitted that neither group had very much direct experimental eNidence on 
which to base such an hypothesis. Quite recently, however, it has been re- 
ported that stimulation of an area in the ponto-medullar}' junction induces an 
immediate increase in sodium excretion not dependent on renal nerves (137, 
138). The effect Is presumably humoral; if so, this probably means that the 
brainstem (or some structure influenced by stimulated fibers in the area) does 
indeed release a hormone that affects sodium reabsorptlon at the Iddney 
level. The effects were much too prompt to be explained on the basts of a 
change in adrenal steroid output, and occurred in the absence of a change m 
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PSYCHIATRY: PSYCHOMETRICS^*^*^ 


By C. L. Winder, Ph.D. 

Department of Psychology, Stanford University, Stanford, California 

This chapter is on selected aspects of the topic of psychological assess- 
ment, particularly as related to the medical specialty of psychiatry. The 
topics are chosen from among those that have become particularly relevant 
in the development and use of tests by clinical psychologists. Studies cited 
are intended only as examples because space limitations precluded any effort 
at full citation. 

In practice and in empirical studies, a wide spectrum of frames of 
reference for the use of tests is found. To ignore these explicit or implicit 
frameworks is to neglect a major basis for identifying problems and progress. 

One frame of reference starts with the assumption that there are mental 
illnesses and that patients are to be assigned to discrete disease categories. 
While much cririclzed, this approach is often found. Formal methodological 
problems are receiving long-needed consideration |e.g. (1, 2)J, A second 
frame of reference assumes that there are dimensions of psychopathology 
and the purpose of testing is to specify the position of each patient on 
these variables, or to predict course in terms of variables and treatments. 
The traditional psychometric methods are well adapted to this framework. 
A third frame of reference assumes that some comprehensive set of variables 
which subsumes psychopathology and personality can be invented. Diag- 
nosis of an individual is accomplished when his position on each dimension 
IS determined, usually by testing. Factor analysis methods are often applied 
although other methods are currently suggested [e.g. (3, 4)). A fourth frame 
of reference involves some form of psychodynamic theory. Testing is to 
reveal characteristic levels of various motivations, defenses, and coping 
processes. A fifth frame of reference involves the element that psycho- 
logical assessment of an individual must allow for the creation of concepts 
that apply to the one case. Tests, in a loose use of the term, are the basis 
for an inductive conceptualization of the subject, particularly of his unique- 
ness. 


Tests and Psychiatric Diagnosis 

Psychiatric diagnoses may be >'icwcd as mutually exclusive categories, 
w terms implying a pattern of extremes of critical characteristics, or as 

' The surv'cy of the literature pertaining to this review was concluded in August, 

1960. 

The following- abbrevLitions arc used; MMPI (Minnesota Mullipb.-isic Per- 
•onaliiy ln\cntory); TAT (thematic apperception test), 

* *n»c term ‘'piychomclrics" is u«^ simply to indicate the general topic of psy- 
chological testing. 

33S 
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occur together. There is legitimate debate as to the optimum method, but 
factor analysis is often favored. A relatively small number of descriptive 
variables which, together subsume all items, is derived. Every patient can 
then be assessed in terms of a set of scores on these variables. 

Wittenborn (12) arrived at a system of nine variables after studying 
large samples of mental hospital patients. The variables are: Acute Anxiety, 
Conversion H5^teria, Manic State, Depressed State, Schizophrenic Excite- 
ment, Paranoid Condition, Paranoid Schizophrenia, Hebephrenic Schizo- 
phrenia, and Phobic Compulsive. Even though traditional sounding titles 
are used, the essential quality is that these are descriptive \'ariables yield- 
ing a profile for each subject. Recently, Lorr, O’Connor & Stafford (3) 
analyzed a 172-item behavior inventory completed on 1400 psychotic pa- 
tients in 47 hospitals. Four scales were extracted: Withdrawal, Thinking 
Disorganization, Agitated Depression, and Paranoid Belligerence. On the 
first three scales, open ward patients were rated less pathological than 
closed ward patients. Other projects of this type have been reported [e.g. 
(13)] as have more preliminary projects with outpatients (14, IS). 

In principle, the variables need not be only descriptive. Wittenborn & 
Kline (16) suggest that different levels of drives may be associated with 
different descriptive variables, and offer relevant evidence. In general, as 
the experimental literature on psychopathology accumulates [e.g. (17)1, 
Items on physiological processes, psychological functioning, and life history 
would be incorporated into these systems. With refined systems, studies 
of etiology, course, and specific treatments might well be sharpened. Such 
variables would have advantages in validation of psychological tests. 

The usual practical problems may well appear as the above approaches 
are used. For example, agreement between ratings made by nurses and other 
so-called ancillary personnel with those made by psychiatrists and psycholo- 
gists may be poor (18). 

Systems of personality variables . — Observations other than those deemed 
important in the standard nosology may be selected as the basis for develop- 
ing a system of variables. And, the system may be developed on the general 
population and then used with patients. In certain respects, Cattell (19) is 
an example. The goal is to encompass all aspects of personality in a compre- 
hensive system. Essentially, the procedure began with a reduction of 4S00 
trait terms to 42 initial variables. Three behavior media (behaWor ratings, 
responses to questionnaires, and reactions in experimental situations) were 
Mmplcd by tests and the data for each media reduced by factor analysis. 
Selection of factors to be retained depends on a complex system in which 
account is taken of studies within and across media. Cattell proposes syste- 
matic assessment in clinical research and practice in these terms. Assess- 
ment would be of ability, personality, and dynamic traits, supplemented by 
unique trait diagnosis of each subject. Such studies as those done by Karson 
(20) and Scheter, Cattell & Horn (21) gi\'e limited support to the proposal. 
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patterns of responses to be explained in terms of a dynamic theory. Knowl- 
edge of the reliability of diagnoses is necessary if test validity, as assessed 
directly or indirectly in terms of discriminations among diagnostic groups, 
is to be fully understood. As has often been the case in the use of tests in 
other fields, work in clinical psychology' and psychiatry has seldom come to 
grips effectively with the need to know' about one of the major factors in- 
volved, in this case the psychiatric diagnosis. 

Goldfarb (5) has contributed to the meager literature on the reliability 
of diagnosis. Four clinical psychologists, working independently, diagnosed 
Veterans Administrations pension revdew cases. Categories used were: psy- 
chophysiologic reaction, psychoneurotic reaction, psychotic reaction, person- 
ality reaction, and brain damage (d). Typical pairs of judges agreed in 60 
per cent of 100 cases. After a time interval, the typical Judge agreed with 
himself in 60 per cent of his cases. In an earlier study (7), psychiatric resi- 
dents and staff psychiatrists at a state hospital served as judges. Consider- 
ing three major diagnostic categories, there was agreement in fi4 per cent 
of 426 cases. The categories were: organic, psychotic, and character (psy- 
choneurotic and personality reactions combined). Agreement on subcate- 
gories throughout the diagnostic system was low and would require improve- 
ment for research or pracu'eal purposes. Other studies are even less encourag- 
ing (8, 9). 

Many recommend that the nosological system be abandoned as useless 
(10), but continued use of the terminology' to designate samples and diagnostic 
groups as criteria in validation of tests is found throughout the literature. 
At the least, each investigator should take an e.xplicit stand as to the implica- 
tions he intends, and determine the reliability (interjudge agreement) W’ith* 
in his project. If the standard diagnostic sy'stem is to be used, Orgel’s (11) 
example might be followed. He has shown with refined definitions of para- 
noid and hebephrenic schizophrenia, very good agreement on these subcate- 
gories when the selection was made difficult by use of a large, heterogeneous 
sample. 

Alternatives to Standard Diagnoses 

Assuming (o) that, at best, standard diagnoses can be made w-ith limited 
agreement; (6) that utility as a basis for specification of treatment and dis- 
position is questionable; and (c) that heuristic value in studying etiology is 
low, it is not surprising that many alternatives are proposed. 

Systems of descriptive variables . — A group of projects can be character- 
ized by the fact that, in them, it is the nosological categories that are aban- 
doned, not the signs, symptoms, and characteristics that have been em- 
ployed in the study and evaluation of patients. Essentially, statements of 
signs and symptoms are collected, with efforts being made to be compre- 
hensive, Large numbers of patients of all types are then observed and 
scored on these items. It is then posrible to determine which items tend to 
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Those who would rely almost completely on factor analysis in identifying 
variables have claimed construct validation (e.g. (30)|, but as yet the pro- 
grams seem to be trait validation, not nomologicaJ validation. 

Trait validation involves empirical demonstration that there is a low 
correlation of the test with measures of variables from which it is supposed 
to differ, as well as high correlation with an alternativ'e measure of the same 
variable using a second method (see (31)). 

Attention to the difference between attributing variance to content of 
test items, as distinct from attributing variance to the form of the items, 
has been minimal until recently. Earlier the “halo effect*' in ratings and "ap- 
paratus factors" in laboratory work had been apparent. Now so-called 
response sets are receiving overdue attention. Examples, identified most 
clearly on inventories and questionnaires, are acquiescence, denial, taking 
^treme positions, and social desirability. To the extent that a response set 
rs operating, the content of the items cannot be used as the basis for direct 
inference. The response sets can, of course, be taken as traits and may 
become the subject of psychological explanation. At present, interest seems 
to be focused on the problem which response sets represent in the develop- 
tnent and utilization of inventory and other measures where it is the con- 
tent implications of the items that is deemed primary (32). A rather extreme 
proposal regarding sets is that made by Berg (33), who suggests that item 
content is not important and proposes to focus exclusively on the set to give 
deviant responses. 


Clinical Judgments 

Since the power of theories of human behavior is low, and since the 
precision of measurement is not great, and since there are many variations 
m practice regarding such matters as treatment and disposition, work with 
patients involves a great number of judgments by clinicians. Meehl (34) 
focused theUsiiecf Che relative accaracyof aettrsrial predteChtt ^'etscrs^ifircs} 
(instrument plus interpreter) predictions. Holt (35) called attention to ways 
•n which the problem had been simplified excessively. Nevertheless, con- 
sideration of relative accuracy, and analysis of performance has suggested 
»mpro\‘ements, both practical and theoretical. 

Most studies of relative accuracy indicate cither the superiority of ac- 
tuarial prediction, or show equality (34, 36). Oskamp (36) emphasizes that 
in many studies clinical prediction has been handicapped because of limited 
srnounis and kinds of information, because of unfamiliarity of judges with 
cnteria or population, and because the accuracy of the actuarial system was 
calculated on the sample on which the empirical system was derived rather 
t an a cross-validation sample. Oskamp’s study confirms the conclusion 
that, given a fair evaluation, clinical does not exceed actuarial prediction 
•n accuracy. Further studies arc in order, but this conclusion will probably 
‘'Old (37). 

Ofte critidsm of studies of actuarial i*crsus clinical prediction has been 
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But the adequacy of Cattell’s published tests must be questioned and there 
are still serious problems regarding the development of the basic system 

le.g. (22)1. 

The argument could be made that each theory of personality, in which 
stability is ascribed to major properUes of the behaving organism, involves 
a system of variables that could guide any interested party in test develop- 
ment. Nowhere is this approximated. 

Test Validatiox 

In 1954, there was published by the American Psychological Association 
a statement regarding information that should accompany published tests 

(23) . Among the proposed approaches in test validation was that called 
construct validation (the others were content, predictive, and concurrent 
validation). The approach was further elaborated by Cronbach & hfeehl 

(24) . Construct validation would take place within a formal theory. The 
form of the test, the items selected, the content of items, and the nature of 
the responses would be articulated with the theory [e.g. (25, 26)J. The pro- 
posal has been criticized, and recently Bechtoldt (27) has marshalled a 
strong argument against the continued use of the construct validation model 
on the grounds that by violating aspects of logical behaviorism the approach 
may ultimately lead to a non-empirical, non-sdentific study of behaWor. 
Campbell's answer (28) points to the need for the concept in the context 
of the testing movement in psychology and properly emphasizes that often 
the approach has not actually been followed, but only claimed. Since the 
term “theory" is often not dearly defined or, if defined, then the definition 
not agreed upon, it has been possible to claim construct validation on a 
minimal basis. 

Campbell proposes a further useful distinction. If the test Is designed to 
measure a syndrome, trait, or variable (or some set of these) which is not 
part of a formal theory, then the name “trait validity” is to be used. If 
the test performance is made the subject of clear predictions derived from 
a formal theory, then the name "nomological validity" is appropriate. This 
is in part simply a semantic raatfer. But there is the c/ear impficatfoo that 
before nomological validity is claimed, novel uses of the test roust havo 
been apparent from theory, and novel predictions must have been successful 
upon empirical check. 

Campbell uses the Taylor Anxiety Scale as an example. \\Tien the test 
is validated against psychiatrists’ ratings, trait validity is illustrated. But 
when the same test is treated as a measure of drive in Hull-Spence learning 
theory, nomological \alIdation is exemplified. In the former, the inference 
is of a free-floating variable. In the latter, a format construct ts involved. 
Atkinson’s (29) use of a thematic test as a measure of achievement need 
in combination with the Test Anxiety Questionnaire as a measure of the 
disposition to avoid failure, in the context of bis theorj' of personality 
dynamics seems to qualify as nomological validation. Such examples are rare. 
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Scale which emphasizes heterosexual interest and adjustment as weli as 
number and intimacy of friendships (44). History of psychopathoiogy m 
the family background was not related to response to treatment, but among 
patients with no such family history, presence of relevant precipitating 
factors did relate to outcome (48). There is evidence that kind and extent 
of relationships of such life history variables to psychopathology vane 
with such factors as socioeconomic background [e.g. (49)]. In the develop- 
ment of prognostic instruments, the precision attained J- ® ® 

if attention were given to groupings by aspects of family background. 

A further basis for estimating prognosis is behavioral adjustment im- 
mediately after admission. For example, measures of 
and communication were found to be related to length of ospita 12 a ion ^ 
More informed decisions regarding discharge would result if factors in- 
volved in posthospital adjustment were better understoo . moun o os 
pital treatment before and the type of ward from which the patient leates 
are both related to success in foster home placement (5 ). n o simi ar s , 
trial visit success was related to a number of items, all of which see-ned to 
reHect chronlcity. Confidence in the results is greatly enhanced '’CMuse 
base rate was taken into account and a cross-validation stu y was ^ 

(52). PredicUon according to base rate would have been accurate in 
per cent of tRe cases. On the cross-validation sample, the system was accurate 
in 84 per cent of cases. While this level of accuracy leaves something to be 
desired, it is high compared with most predictive procedures. 

More specific predictions are attempted. For example, if J® 

given psychotherapy, how will he respond? Experience sugges s \ 
will terminate soon after initiation of treatment. In an outpa len » 

Hiler (53) found that prediction of early 

from a sentence-completion test than from the Rorschach ® . 

vue. On the cross-validation sample, the system resulted in ^ 
correct predictions. That Rorschach performance is correlated with abrupt 
termination is further supported by Affleck & Mednick (54). .... 

Poor response to extended, intensive psychotherapy lospita ize p 
tients is related to poor performance on the Wechsler-Bellevue an 
Echach. Good test performances were not prognostic (55). ^ 

Assuming that different treatments arc specific for certain g™“PS 
patients, is clinical judgment an effective basis for assigning pa 
treatments? The available results cast doubt on the accuracy of such J g- 
ments (56, 57). .... 

Brain domage.— Williams, Lubin & Gicscklng (58) studied a group f 
patients who had been tested before and after brain damage was sustained 
This design permits a fundamental contribution to know'ledgc. oca 
is not resistant to the effects of brain damage, as lias been suppo. 
many clinicians. There is no evidence of differential dc icit on a^xanc 
tests in that differential weighUng did not improve the discnmmatio 
tween organics and controls. . ., 

The nendcr Gestalt test permits better than chance identification of 
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that the task was not a global personality assessment. That global assess- 
ment has some validity when done by experts is demonstrable [e.g. (38, 39)]. 
The disciplined development of this ability is socially valuable since much 
clinical work would permit development of an actuarial system only very 
gradually. But, if an actuarial system is feasible, it will be as accurate and 
probably more economical, and will make identification of errors more 
certain. When clinical judgment seems necessary, then the clinician should 
be validated. 

The investigation of clinical judgment has gone beyond the above issues. 
Appropriateness of confidence and effects of specific training have had an 
initial exploration (36). And, a rigorous model for analysis of the rating 
behavior of judges has been developed by Hoffman (40). Already it is clear 
that while clinical judgment is configural, the departure from a simple linear 
procedure is small. 

Whether judgment is actuarial or clinical, accuracy of the prediction of 
a dichotomous criterion using any specific cutting point is a function of the 
frequency of occurrence of various types of patients in a given sample. 
Thus, the accuracy of assessment can change simply because the so-called 
base rate (41) is different from time to time and place to place. There is 
reason to believe that the diligent and truly expert clinician may be able to 
meet even the challenge of base rates (42). 

Some Criterion-Oriested Studies 

PfOgBom.— The Rorschach test has been used widely in prediction of 
such criteria as length of hospitalization. One issue here is that of the 
atomistic use of specific signs versus global assessment. The rise and fall 
of various atomistic signs has raised doubts regarding the Rorschach hav- 
ing any validity for prognosis. Zainansky & Goldman (43) report superiority 
of global clinical assessment. Developmental level scoring of the Rorschach 
has proved somewhat valid for various purposes, and has been applied with 
some success in estimating the adjustment of hospitalized patients, as has 
Klopfer's Prognostic Rating Scale (44). Length of hospitalization was not 
predicted by features of performance on the Bender Gestalt (45). ff newly 
admitted patients took the Minnesota Multiphasic Personality Inventory in 
the usual way and then attempted to simulate “the normal” performance, 
earlier hospital discharge was related to relative responsiveness to these 
instructions to simulate (46). 

Systematic use of information regarding life history, adjustment, and 
psychopathology seems more promising than widely used tests in estimatmg 
prognosis. This is not to say that this would hold when information is 
used in the standard clinical, impressionistic manner. Orer-all, experience 
suggests that organization of the material into formal scales eventuates in 
greater precision. Marital status, degree of incapacity, diagnosis, legal com- 
petence, and use of alcohol relate to length of hospitalization (47) in one 
study, which included cross-validation. Long-term prognosis of schizophren- 
ics is somewhat predictable from Section I of the Phillips Prognostic Rating 
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hension tests (80) appear to be correlated with the severity continuum. The 
Rorschach scored for developmental level has now been validated by a 
number of studies, e.g., as related to open versus closed ward placement and 
amount of social participation in situations requiring cooperation (81). 

A recognition test of vocabulary probably gives a better estimate of 
premorbid intelligence than does a recall test (82). It is on the latter type 
that deteriorated patients do very poorly. ^ 

Psychoneurotic reactions.— In addiUon to the studies mentioned above, 
there seem to be a few which focus on the identification of neuroUcs. Several 
studies report on outpatient groups but do not find distinctive results for t e 
subgroup of neurotics. There are some continuing reports that 
anxiety, as measured by questionnaires, is high among outpatients ( ). 

The possibility that schizophrenics tend to respond with positive extremes 
and neurotics with negative extremes is suggested [e.g. (8 )]. ^ proce ure 
which permits fairly adequate discrimination between psychotics and neu- 
rotics involves the classical laboratoy methods of delayed reaction, a terna 
tion, and serial reaction tasks (85). Furthermore, the authors provi c con 
sidcrable information on the effects of age and intelligence. 

Psychopathic personality.— Bert are grouped some studies of delinquents 
and criminals. The old issue as to whether Performance IQ exceeds er a 
IQ in such cases is continued (86, 87, 88). 

For the assessment of position on a socialization continuum. Gough (8y; 
has developed a very effective inventory scale. While the scale would un- 
doubtedly prove to be heterogeneous under factor analysis, it is imptMsivc. 
Not including the initial studies, 41 research samples are reporte . cse 
included 1295 male and 784 female delinquents, and 9001 male and mb 
female non-delinquents. This increases confidence that the scale can be usc^ 
in a variety of settings without the usual radical fluctuations in t e istn 
bution of scores. The scale does not. as it should not, yield differences for 
Negro and white delinquents, nor for large city versus other area e inquen s. 
There is no correlation between the socialization score and the area o resi 
dencein a large city (90). .. i. 

Miscellaneous.—Ol course, there are many more studies than can be 
mentioned in this chapter. Identification of homosexuals seems to sustain 
interest, with some success reported for the Rorschach and TAT systems 
(91. 92). There are impressive case studies which illustrate clinical judg- 
ment and formulation (e.g. (93)]. A multitude of MMPI scales for diagnos- 
tic use arc constantly produced (94), often with no consideration of overlap 
Or effectiveness compared with existing scales. Four groups of 
renting increasing degrees ol psychiatric disturbance were ordered in the 
«pected way by tlie Corneli Medical Index (95). Many new tests arc pub- 
lished hut few, if any, are unusually accurate. 


Some Test-Oeiested Studies 
RerjrJueJ.— Daughman (96) has reported on his extensive 
study ol the effects of systematic changes in the stimulus cards, there 
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organics, especially If the number of organics and non-organlcs is about 
equal (59). Objective scoring and global judgment are about equally valid 
(60). If extreme cases are not considered, validity is questionable (60). 
The spiral aftereffect test seems more effective in predicting abnormal 
EEG findings among children than does the Bender Gestalt, Draw-a- Person, 
or Wechsler Intelligence Scale for Children scales (61). Validity of the spiral 
test for adults is again questioned (62). Flicker fusion frequency (59), the 
Halstead Impairment Index (63), and several other techniques le.g. (64 to 
67)1 have some power in the identification of organics. Assessment of memory 
impairment may require several tests that depend on different systems (68). 
The Trail-MaWng Test seems to be sensitive to hemisphere damage in 
addition to contributing in differentiating organics from normals (69). Or- 
ganics with more acdvely interfering physiological processes had more of 
Piolrowski’s signs on the Rorschach (70). 

Schizophrenic reactions . — ^There continues to bea large number of projects 
in which the discriminatory power of tests in separating normals and schizo- 
phrenics is studied. Frequently, such studies involve an effort to utilize a 
specific hypothesis. Thus, not only do schizophrenics make inferior inter- 
pretations of proverbs, but one investigator reports that oral proverbs 
cause more deficit than do anal or phallic proverbs (71). Usually, such 
variables as item difficulty receive no consideration in these stu'dies. 

Loy (72) has checked the application of the Taulbee-Sission MMPI 
system to female patients, rather than simply assuming that it applies. 
Selection ivas less successful for female neurotics but somewhat more suc- 
cessful for female schizophrenics. To differentiate schizophrenics from neu- 
rotic and personality disorder cases, Eichman (73) proposes another MMPf 
scale. Such comparison groups make the results relevant, at least, to the 
problem of differenrial diagnosis. Mean scores of groups of normals, neu- 
rotics, and schizophrenics differ if the Thematic Apperception Test is scored 
by a system involwng notation of the extent to which usual elements of 
the response to each card are present (74). Kataguchi (75) reports on his 
Rorschach Schizophrenic Score. With equal numbers of normals, neurotics, 
and schizophrenics, the recommended cut-off point selected 77 per cent 
of the schizophrenics, 13 per cent of the neurotics, and none of the 
normals. This is an unusually effective discrimination, compared with 
other approaches and tests. Weckowicz (76) found var>’ing levels of pro- 
ficiency on a hidden pictures lest among controls (normals and non-schizo- 
phrenic, non-organic psychiatric patients), acute schizophrenics, chronic 
schizophrenics, and organics, which seems to be the minimum that should 
be expected of a diagnostic instrument. In an examination of MMPI para- 
noid scale "hits” and "misses," it was found that test-taking attitude or 
set may help explain the errors (77). 

Wth increasing evidence that schizophrenics differ markedly in severity 
le.g. (17)]. some interest has developed in the sensitivity of tcsi.s to this 
factor, A developmental level score on the Rorschach (78), performance 
on proverbs (79), and extent of disorganization on ^•ocabular>' and compre- 
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fulness as indices of any particular style" 1(109), p. 249). Investigators are 
showing ingenuity in clarifying the varieties and effects of response styles 
in MMPI results (110, 111). Instruments developed to measure 
styles may take a place in diagnostic assessment because some studies find 
that diagnostic groups differ in predominant styles (112). Care in item con- 
struction may be the best means of reducing univanted response style efiects 
le.g. (113)1. The vital questions regarding the psychology of response styles 
need much clarification, and some work has been reported (114). Clinical 
uses of the MMPI should take account of these developments. 

In Conclusion 

Tests do not have uniform validity for all groups and the relevant param- 
eters are often ignored, but sometimes the relevant parameters are no 
known. For example, predictions seem to differ in accuracy or groups 
respond differently to stress (US). There are many reasons^ or c 
most instruments for accuracy in each setting, even thoug it is is expe 

and inconvenient. . j j „.aii 

Continuous efforts are necessary to make an examiner standard, as 
as the test. Warmth of the subject while he is being tested affects 
of scoring, amount of encouragement given the subject, an t ® "“P' 
opportunities given the subject to clarify or correct responses (1 16). 

In test interpretation, descriptive variables tend to be used as thoug 
they were explanatory concepts (117). And progress toward solution of the 
problem of communication of results and interpretations o assess 
urgently needed (118). . ^ 

Advances in the understanding of psychopathology suggest new asses - 
ment procedures such as the systematic use of interviews ( ® 

of the amounts of disorganization related to different types o interpersona 
relationships (120), and measures of aspects of functioning such as mainte- 
nance of perceptual constancy (121). . , . 

Continued intensive study of widely used tests gives more an mor 
dence of the limited validity of these instruments. In part, this is aue i 
defective criteria and indefinite conceptualizations. But, 
limitations of the test situations in contrast to the wide range o s ‘ 
which humans respond selectively, and the wide range o ^ . 

Systematic observation of subjects has not been developed as ass 
technique in proportion to its promise. This would appear to e 
appropriate direction in development of new techniques for use in ps> 
and clinical psycholog>'. Repeatedly, it is assessment based on observations 

which proves to be valid in tcrmsofbcha\*ioral criteria (12 )• 

Finally, as time passes, each individual changes. Asscssmen 
emphasize stability. Thus, the emerging adaptation to the new sj^uat . 
simply to subsequent events limits the predsion with which prediction 
be made. 
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clear evidence of the importance of structural aspects of the blots in addition 
to form. A new approach to the study of color shock appears in a study by 
Wolpln & Hamlin (97) who found that incongruity of form and color is 
associated with decreased popular responses and increased use of color. 
Meaning of the inkblots has been approached through the use of the seman- 
tic differential (98), and among other things there is some support for the 
father-mother interpretation of cards IV and VII (99), Fortunately, some 
experimental work is being done on the relationship between experience and 
responses to ambiguous stimuli (100). 

The hypothesis that anxiety can be inferred from shading responses is 
given mild support (101), but this may be more valid for psychotics than 
others (102). Type of paranoid delusion is related to type of human move- 
ment response, as predicted (103). Instructions that certain topics be avoided 
is followed by an increase in inanimate movement responses (104), These 
and other projects intended to enhance understanding of the determinant 
categories are not convincing, but the search for appropriate evaluations of 
interpretative hypotheses is vital so long as conventional clinical use is 
made of this technique. 

Normative data are still inadequate, and various aspects of administra- 
tion and scoring arc not carried out in a standardized manner, but the use 
of the Rorschach is defended on the basis of clinical experience (e.g. (lOS)J. 

Thematic apperception test {TAT ^. — Employing a complex and appropri- 
ate design, Henry & Farley (38) find evidence for rather global personality 
appraisal based on the TAT. The personality formulations were centered on 
peer relations, family dynamics, mental functioning, and emotional adjust- 
ment. Subjects were normal adolescents. Interpretations n'ere made within 
one conceptual framework. 

Several investigators propose that if thematic items of relatively low 
ambiguity were organized into scales, assessment would be improved. Little 
(106) offers a discussion of this proposal. Kagan (107) found stability of 
traits over long periods of time only if more unambiguous stimuli were 
utilized- Prediction of overt behar-ior from the TAT or other tests involving 
thematic items usually will require assessment of e-xtemal and internal con- 
trols [e-g. (29, 108)]. There is often a lack of clarity as to just what is to be 
assessed by tests and this development of specific scales should sharpen the 
focus in the case of thematic tests. 

Minnesota MtiUiphasic Personality Inienlory {MMPT ). — Many studies 
of the MM PI and other inventory techniques have focused on response 
style (response bias, response set). Traditionally, the assumption has been 
that responses are determined primarily by item content, but now it U 
clearly recognized that responses can be viewed as indicators of style, e.g., 
acquiescence. In the enthusiasm with this distinction, it appears that the 
comment of Jackson & Mcssick is w-eli taken; "Little thought is given to 
the fact that these measures (such as the MMPI) may not only contain 
several dimensions of content, bat of style as well, thus limiting their use- 
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(ukess as indices of any particular style" 1(109), p. 249], Investigators are 
showing ingenuity in ciarifying the varieties and effects of response styles 
in MMPI results (110, 111). Instruments developed to measure 
styles may take a place in diagnostic assessment because some stud.es fin 
that diagnostic groups differ in predominant styles (112). are in i em con 
struction may be the best means of reducing unwanted response style effects 
[e.g. (113)]. The vital questions regarding the psychology of = V 

need much clarification, and some work has been reported (114). Uinical 
uses of the MMPI should take account of these developments. 

In Conclusion 

Tests do not have uniform validity for all groups and the relevant param- 
eters are often ignored, but sometimes the relevant pararae ers ^ 
known. For example, predictions seem to differ in accuracy . . 

respond differently to stress (115). There are many reasons for check ng 
most instruments for accuracy in each setting, even though this is expensiv 
and inconvenient. . ^ „.-ii 

Continuous efforts are necessary to make an examiner ® 'sntrpncv 

as the test. Warmth of the subject while he is being tested affects strmg y 
of scoring, amount of encouragement given the subject, and t e nu 
opportunities given the subject to clarify or correct responses ( )> . 

In test interpretation, descriptive variables tend to used as though 
they were explanatory concepts (117). And progress towar . 

problem of communication of results and interpretations o as 
urgently needed (118). , . .-ecpee. 

Advances in the understanding of psychopathology ®uBges 
ment procedures such as the systematic use of interviews ( )» -n-^onal 

of the amounts of disorganization related to different t> pcs o in c ^ 
relationships (120), and measures of aspects of functioning such as mainte- 
nance of perceptual constancy (121). . 

Continued intensive study of widely used tests gives more an 
dence of the limited validity of these instruments. In part, is i 
defective criteria and indefinite conceptualizations. But, ® . 

limitations of the test situations in contrast to the wi e range o s , 
which humans respond selectively, and the wide range o 
Systematic observation of subjects has not been develope 
technique in proportion to its promise. This would appear _....i.jatr\- 
appropriate direction in development of new techniques or use ‘ J’ . 
and clinical psychology'. Repeatedly, it is assessment 

which proves to be valid in terms of behavioral criteria ( )• *0 

Fin.ally, as time passes, each individual changes. j. 

emphasize stability. Thus, the emerging adaptation to the new ® 
simply to subsequent events limiU the predsion with which prcdicU 
be made. 
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PSYCHOTHERAPEUTIC DRUGS^ 

By B. B. Brodie, Ph.D., F. Sxjlser, M.D., and E. Costa, M.D. 

Laboratory of Chemical Pharmacology, National Heart InslUitU, Bethesda, Maryland 

A major goal of psychopharmacology is to explain how drugs alter mental 
states by modifying neurophysiological and biochemical processes in t e 
central nervous system. This goal is still far distant, for \ie cannot yet e 
scribe how drugs affect gross neural pathways, much less their subtle effects 
on discrete neurons. It is the purpose of this review to describe pharmacologi- 
cal, neurophysiological, and biochemical actions of psychotherapeutic drugs 
that might contribute to our understanding of their clinical effects. 

With respect to the peripheral nervous system, much evidence shows that 
drugs modify the transmission of ner\'e impulses by interfering ^it t e ac 
tion of acetylcholine or norepinephrine at various synapses. ^ rug can 
modify transmission by (a) mimicking a neurohormone, (6) blocking its ac- 
tion, (c) preventing its inactivation, (d) depleting it from nerve en mgs, 
(e) blocking its synthesis, or (/) preventing its physiological release, bo spe- 
cific are some drugs in their action that they literally map out t e pe 
ripheral nervous system: muscarine mimics faithfully the action o > 
choline at parasympathetic sites; and curare differentially bloc 's t e ac ion 
of acetylcholine on myoneural junctions. ^ 

In the face of ovenvhelming evidence that drugs at the penp lera nerv 
system act by modifying synaptic transmission, many investigators ore suu 
loathe to assume that psychotherapeutic agents might act centra ^ 
similar way; instead, numerous workers still entertain the possi i it> a 
drugs influence behavior by affecting processes such as oxidative phosphorj'- 
lation or carbohydrate metabolism. But it does not seem logical that drugs 
would exert unique effects on behavior by influencing processes so universal 
in nature that they occur even in plants; it seems more realistic to e ‘C' ^ 
that these drugs affect the unique biochemical processes involved in synaptic 
transmission. , 

Among the trials that beset the study of drug actions in the central nerv- 
ous system is the difficulty of isolating funcUonal units. The 
Bystem is a mass of intercommunicating neurons; one nerve cc a cc s 
numerable others, and even large functionul units innucncc one anotner. 
This makes it uimost impossibic to assign a drug effect, electrical or bro- 
chcmicul, to a particular brain site: depression induced in one part o 
brain might reHcct a direct action of the drug, or an indirect action, owing to 
lots of normal stimulating inflow. Another stumbling block eaisted as long as 
only one ncurohormone, acetylcholine, was defined in the centra nervo 
tystem. The discoveries in recent years of other potential ncurohormoncs in 

‘ The survey of the literature pertaining to this review was eonriuded in Septem- 
w, 1960. 
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brain — norepinephrine, dopamine, serotonin, 'y-aminobutyric acid, and the 
polypeptide substance P — makes it possible to assume that drugs might in- 
terfere with the synthesis, storage, release, or destruction of any of these 
substances at central synapses. 

By analogy with the peripheral nen'ous system, a drug might act so spe- 
cifically with certain central synapses that it could serve to map out func- 
tional patterns of neurons in the central nervous system, and even to identify 
the distinctive neurohormones controlling their activity. The more specific 
the interaction between drug and synapse, the more discriminating will be 
the action of the drug. As a working hypothesis, it might be assumed that 
two compounds with an identical pharmacological profile might have a simi- 
lar clinical application and influence the same functional unit. Unfortunately, 
this approach to the study of drug action is usually handicapped by the lack 
of pertinent pharmacological data on new drugs. Many studies describe the 
effects on one component of animal behavior, psychological adaptation, in- 
vestigated by means of conditioned reflexes. Since behavior is the total inte- 
grated reaction to environmental change, the drugs ideally also should be 
studied for their effects on a variety of behavioral modalities: physiological, 
biochemical, electrophysiological, autonomic, and endocrine responses. 
Incidentally, some of these modalities might suggest simpler, more prerise 
ways of screening drugs than those presently used. Only by observing the 
influence of drugs on the manifold facets of behavior will a deeper insight 
be gained into the neural pathways on which drugs act. The psychiatrist 
recognizes that abnormal autonomic activity might be an important aspect 
of distorted behavioral patterns; the pharmacologist should be equally aware 
that a drug-induced change in autonomic activity might play an important 
part in the action of the drug on emotion. 

TRANQU1LI2ING AGENTS 

With the advent of chlorpromarine and reserpine, the word "tranquilizer* 
was coined to describe drugs which evoke sedation without producing anes- 
thesia. The development of compounds that elicit quiescence but with 
pbarmacolopc actions otherwise quite different from those of reserpine and 
chlorpromazine, has resulted in a heterogeneous assortment of drugs under 
the term, tranquilizer. The continued use of this term should serve as a con- 
stant reminder of our ignorance concerning their mode of action. 

The unique properties of chlorpromazine and reserpine have been im- 
portant not only in psychiatric therapy but in studies of biochemical and 
physiological processes in the centra! nervous system. But these drugs have 
not contributed to the total understanding of the schizophrenic process since 
they do not affect the fundamental pathology* of the disease. Regardless of 
the psychiatric classification, they ameliorate only ss'mptoms such as halluci- 
nations. overactivity, aggressive behavior, anxiety, and tension, and thus 
enable the patient to cope «ith his psychosis. In this respect, they are in no 
way different from antihypertcnri\*e drugs now available which usually act 
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by preventing the action or release of norepinephrine but do not affect the 
disease process nor provide a clue concerning its etiology. 


Chlorpromazink and Other Depressants of Central SviiPATHETic 
Tone (Central Adrenergic Blocking Agents) 

Pharmacological aspects of chlorpromazine.—'Many studies suggest that 
chlorpromazine is an adrenergic blocking agent which selectively antagonizes 
the action of norepinephrine in the central nervous system (1). n anima s, 
the drug evokes a multifaceted syndrome whose salient features are yan 
quilization, depression of conditioned reflexes, decreased motor activTtj, 
lowered reactivity to external stimuli, depressed respiration, hj pot ermia, 
and a generalized lowering of sympathetic tone (2). All of these responses 
seem unrelated to each other until it is seen that dthydroxyp en> a 
which, unlike norepinephrine, readily enters brain to form dopamine (t e 
precursor of norepinephrine) and some norepinephrine produces e ects la 
metrically opposite to those of chlorpromazine: alertness, increased motor 
activity, enhanced reactivity to external stimuli, activated respiration, y- 
perthermia, and a generalized rise in sympathetic tone (3). Cong^ers o 
norepinephrine including ephedrine, deox>*ephedrine, amphetamine, fJ-tetm- 
hydronaphthylamlne, methylphenidate and LSD-25,* which readi y en cr 
brain, elicit similar responses. Some of these drugs act on both the peripheral 
and central adrenergic systems: others like LSD-25 and methylpheni a e 
exert mainly a central action. Not only do these drugs produce effects oppo- 
site to those of chlorpromazine, but they also counteract the e ects o le 
tranquilizing agent presumably by competing for the same receptor si cs. 

The lowering of sympathetic tone by chlorpromazine may attnbuted 
in part to mild peripheral adrenergic blockade but mainly to oc 'a e o 
central sympathetic activity. Direct c^^dence that chlorpromazine sujv 
presses central sympathetic activity is seen on its injection into the caroti 
artery or into the cerebral ventricles of monkeys, dogs, and cats, ^ oses oo 
small to be effective systemically produce sedation, relaxation of nictitating 
membrane, miosis, hypotension, and inhibition of the carotid sinus re cx , 
5). The peripheral sympatholytic effects of chlorprornazlne are slight; the 
drug blocks and even reverses the pressor effects of administered epmep rinc, 
hut not of administered norepinephrine (6, 7). 

Ahsorpthn, distribution, metabolic fate and excretion of 
Chlorpromazine is absorbed rapidly and readily enters the ram. n i 
•^orpine, the drug acts quickly and exerts a sedative effect on y w u c 
detectable in the central nervous system. Altliough chlorpromazmys vcr>' 
highly bound onto constituents of various tissues including brain, it 
accumulate in the body because of iU relauvcly rapid metabolism by b\er 


sntherotonin 


* Since LSD.2S is an indole, it ss-as formerly considered to act 

“Kent. Chemically it U aho a phenylcthybminc and its central effects arc similar to 
those of other centrally acting norepinephrine congeners. 
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enzymes (8). Virtually all of the administered chlorpromazine is metabolized 
in the body. One of the metabolites, the sulfonde of chlorpromazine, exerts 
mild chlorpromazinelike effects (9). Other metabolites, presumably hy- 
droxylated and demethylated derivatives, have not yet been studied phar- 
macologically. 

The individual variation in response to chlorpromazine, as Tvell as to 
other psychotherapeutic agents, has posed a provoking problem to the 
investigator. The fact that drugs are inactivated at rates that may x'ary 
among different individuals by 500 per cent or more is seldom considered 
(10). Despite a decade of interdisaplinary’ research with chlorpromazine, 
the extent of indmdual variability in the metabolic degradation of this 
drug has not been investigated- It seems more practical, if less sophisticated, 
to relate \'ariabi)ity in response ndth concrete factors such as differences in 
drug metabolism before trying to relate this v'ariability with abstract fac- 
tors like differences in personality structure. Moreover, the interpretation of 
carefully planned, double-blind studies, especially those with fixed dosage 
schedules, might be considerably different if it were known that the rates 
of chlorpromazine inactivation had varied by several hundred per cent 
among different indmduals. Also lacking are data relating plasma levels 
with therapeutic efficac>’ or with occurrence of extrapyramidal side effects. 
This information might be useful in establishing dosage regimens, which by 
minimizing oscillations in drug plasma levels could result in greater effective- 
ness and fewer side effects. 

Clinical aspects. — Numerous, well-controlled studies provide convindng 
evidence that chlorpromazine exerts therapeutic effects in psychoses and 
neuroses with anxiety. These and other clinical indications for the drug such 
as relief of nausea and vomiting and symptoms of acute alcoholism were dis- 
cussed in the Annual Rrcie-x oj Medicine ol 1958. 

Recent studies on the mechanism of the antiemetic effects of chlorpro- 
mazine show that the drug blocks apomorphine and hydergine emesis. 
These results suggest that the drug depresses the chemoreceptor trigger rone 
in the area postrema (11). 

Chlorpromazine produces undesirable effects of several types. Jaundice, 
allergic reactions, agranulocytosis, and convulsive seizures which require 
stopping the drug occur rarely and are usually re^'ersible. Other effects like 
tachycardia, drowsiness, lethargy, fatigue, hypotension, and dizziness may 
require adjustment of dosage. One of the more perplexing effects of chlor- 
promazine is the occurrence of a Parkinson-like syndrome that usually disap- 
pears after stopping or reducing the drug, or which can be controlled by an 
antiparkinsonian drug. Some investigators feel that doses of chlorpro- 
mazine that elicit ps>xhiafric improv’ement should not be lowered even 
though they produce extrapyraroidai signs. But there is no experimental 
e\idence to exclude the possibility that pushing chlorpromazine to the point 
of persistent parkinsomsm might produce irreversible brain damage, despite 
masking of symptoms by means of an antiparkinsonian drug. In fact, there is 
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some indication in man that chlorpromazine can produce chromatolytic 
changes in neurons of basal ganglia and other brain structures (12). 

The mechanism of the extrapyramidal effects of chlorpromazine is un- 
clear. Electrophysiological studies demonstrate that chlorpromazine in- 
creases the rate of neuronal discharge in the midbrain reticular formation in 
response to paired stimulation of sciatic nerv'e and nuclei in the corpus 
striatum (13). This important structure of the extrapyramidal system 
contains very large amounts of dopamine (14). The possibility has been con- 
sidered that dopamine in the corpus striatum has an important physiological 
role (15, 16) and that the extrapyramidal actions of chlorpromazine might 
be attributed to blocking of the amine. Favoring this view is the finding 
that reserpine, which depletes the dopamine in the corpus striatum, also 
elicits extrapyramidal signs. Moreover, both reserpine and chlorpromazine 
are used to control signs of Huntington’s chorea (17, 18), certain manifesta- 
tions of which are opposite to those of parkinsonism. 

A number of reports indicate that chlorpromazine affects endocrine 
tions (1, 19, 20). It produces pseudogalactorrhea, can delay ovulation, and 
cause menstrual irregularity. Despite the fact that chlorpromazine lowers 
hypothalamic actmty, it actually stimulates the pituitary-adrenal system. 
In rats, the same doses that elicit sedation also cause hypersecretion of 
ACTH, suggesting that its action on the pituitary is linked with the overall 
action on the hypothalamus (21). 

phenothiazines . — Many congeners of chlorpromazine produce effects 
like those of chlorpromazine. Structurally they are all related by having a 
dialkylamlnopropyl group attached to the ring nitrogen of phenothiazine. 
Deviation from the three carbon chain produces compounds that arc not 
tranquilizers (22), for example Diparcol. Some of the new compounds are 
far more potent than chlorpromazine but it is difficult to conclude from 
available reports whether they represent a signiheant advance in psychiatric 
therapy, though they provide a greater clinical flexibility. 

In many reports that claim a clear-cut advantage for one of the neii rugs 
an arbitral^’ level of dosage is used which merely proves ^that drug A at one 
dosage is better than drug B at another. In many other investigations, con- 
trols are poor or lacking, criteria of improv’ement are vague, an etai s o 
experimental design and of results arc inadequate. Lack of controls is es- 
pecially pertinent in studies of psychoncuroscs because of hig i rates^ o 
spontaneous remission and difficulty of assaying improvement. Information 
made available to the physician often stresses studies which show that a 
new drug benefits patients who did not respond to chlorpromazine. I-rom 
data of this sort it might be concluded that the new drug is an improvement 
over chlorpromazine, but this view is difficult to defend. The^ particu .ir 
•nduiduals who failed to respond to chlorpromazine might have inactivatcu 
thja drug with such facility that an effective plasma level could not be main- 
tained, whereas the new drug was metabolized much more slow >. .t g. . 
the clinical status of the patient might have changed by the time the secon 
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drug was tested. Rarely does one see the converse study ev’aluation of 
chlorpromazine in individuals who failed to respond to one of the new drugs. 

The more potent phenothiazines are reported to produce a lower inci- 
dence of lethargy, hypotension, and jaundice than does chlorpromazine. 
They occasionally cause leukopenia and agranulocytosis. Extrapyramidal 
symptoms are particularly marked with the more potent drugs (see Table I), 
but these can be controlled by antiparkinsonian agents. 

Potential advantage of the new phenothiazines might be more apparent 
if information about their fate and physiological disposition in man were 
available. In studies of new drugs, the value of obviating individual \'aria- 
bility in drug metabolism by comparing clinical effects in terms of plasma 
levels instead of dosage is still not appreciated despite past experiences 
other therapeutic agents: mepacrine, thiobarbiturates, sulfonamides, an 
phenylbutazone, to name a few. In addition, rates of blotransformation 
would indicate whether or not doses of a particular drug can be widely 
spaced. All things being equal, it is easier to maintain therapeutic effective- 
ness with minimal toxic side effects if it is possible to avoid the oscillations 
of plasma level which, on the high side skirt toxicity and on the low side, 
therapeutic ineffectiveness. Data on an unusually high affinity for fat or tis- 
sue proteins might suggest dosage regimens that are more effective an 
minimize the occurrence of persistent toxic signs. 


Rcserpine and Other Compounds Which Increase Central 
Parasympathetic Tone (Serotonin-Depleting Agents) 
Pharmacological aspects of merpw.— Reserpine elicits a syndrome of 
effects comparable to that of chlorpromazine, including sedation, depression 
of conditioned reflexes, decreased motor activity, lowered reactivity to 
external stimuli, depressed respiration, and hypothermia (23). 

Despite the similar clinical effects of reserpine and chlorpromazine, they 
act on different pathways in the central nervous system. For example, c^ or- 
promazine depresses central sympathetic outflow, whereas reserpine stimu- 
lates central parasympathetic outflow (24). Miosis, lacrimation, sa ivation 
and perhaps bradycardia, increased gastroIntcsUnal motility, and enhanced 
gastric secretion result from activation of central parasympathetic tone. 
The lowered sympathetic actiwty ewked by reserpine, formerly t loug 
to be a central action, is now known to be mediated through the loss ol 
norepinephrine from the peripheral stores (25). In accordance with this view, 
recent studies show that reserpine does not lower the frequency o impu ses 


in preganglionic sympathetic fibers (26, 27). , • »i, » 

A remarkable difference between reserpine and chlorpromazine is th-n 
the latter drug antagonizes the central excitation elidled . 

Amphetamine, whereas reserpine docs not. Similarly, LSD- -in ucc 
mental disturbances in man arc ameliorated by chlorpromazine u ag 
gravated by reserpine (28). Further evidence that the two drugs act on Uii- 
ferent systems is the facilitation by reserpine of electrically or c lemtca > 



356 


BRODIE, SULSER AND COSTA 


induced convulsions in animals and man (29), whereas chlorpromazine does 
not exert this action (30). 

An unusually interesting acdon of reserpine not shared by chlorpromazine 
is the enhancement of sensitivity to light. The blepharospasm in animals, 
and the prolonged miosis in animals and man, are probably caused by this 
action (24). 

Biochemical aspects . — Although reserpine is metabolized extremely 
rapidly, its central actions perast for a considerable period of time, indicat- 
ing that the drug does not act per se. WTien it was found that the drug pro- 
duced a sustained depletion of brain serotonin stores, it was proposed that 
the change in brain serotonin and the central actions of the drug might be 
causally related (31). However, this interpretation seemed questionable 
when reserpine was shown also to lower the level of brain norepinephrine 
(32). A tool to solve this problem became available with the discovery of 
drugs which can selectively release norepinephrine (33). The cadence is 
now unequivocal that the central action of reserpine is related to its effects 
on brain serotonin rather than on brain norepinephrine. This has been most 
convincingly proved by means of ot-methyl-m-tyrosine which, in mice, com- 
pletely depletes norepinephrine with almost no change in brain serotonin; 
the animals treated nith this synthetic amino add e\nnce no signs of seda- 
tion. However, if reserpine is now given to these animals, serotonin is 
lowered and sedation ensues (34). But despite the dose association between 
the change in brain serotonin and the central actions of reserpine, a cause 
and effect relationship has not yet been established. However, it seems un- 
likely that the change in brain serotonin and the tranquilizing action are 
merely coinddental. 

Reserpine exerts a direct action on the mechanism that maintains sero- 
tonin and norepinephrine within brain cells (30). Though reserpine impairs 
the capacity of cells to store amines, it does not affect their s>Tithesis. Even 
after amine stores are depleted free amines are formed, but because of reser- 
pine action they now freely diffuse from sites of synthesis. If a free amine 
forms at a slow rate, it might be metabolized by the enzyme monoamine 
oaudase so rapidly that it is unable to exert its phyrioiogical acuon. Reser- 
pine may then be considered to have caused the exhaustion of the amine 
at the functional site. By contrast, if a free amine is made rapidly enough, 
its level at receptor sites may be sufficient to bring about persistent exag- 
geration of its normal phj-siolopcal action. The possibility that reserpine 
actually increases the level of free serotonin at its functional sites is sug- 
gested by the extremely high rate at which this amine is synthesized in 
brain. It is thus possible that reserpine action In brain results from the con- 
tinuous release of serotonin onto receptor sites (3J), though this is still a 
working hypothesis. 

CfiniVflf aspects. — The clinical indications for the drug in mental illnessw 
are similar to those for chlorpromaane. Reserpine is less widely used than 
formerly because of its cumulatis-e effcas. The drue is also widely UKd in 
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hypertension; its therapeutic efficacy in this disease arises from the “chem- 
icai sympathectomy" produced by loss of peripherai stores of norepmephnne. 

Some side effects of reserpine are reiated to changes in autonomic func- 
tion; these inciude diarrhea, increased gastric secretion postural hypoten- 
sion, bradycardia, nasal congestion, and sensation of chilliness. Reserpin , 
like chlorpromazine, commonly causes extrapyramidal symptoms, especia 
a specific kind of motor restlessness called akathesia, vhich can be_ con- 
trolled with antiparkinsonian agents. In addition, the drug causes drowsiness, 
lethargy, fatigue, difficulty in swallowing and talking, and occasionally con- 
vulsions and allergic reactions. ^ t 4 .* 

Reserpine affects endocrine functions in various ways, n pa ’ 
causes pseudogalactorrhea, menstrual irregularity, gynecomas la, re 
tion of peptic ulcer, and facial edema (35). In view of the fact that 
reduces emotional activity it is surprising that in in- 
drug produce an extraordinary hypersecretion of AC ( . ' 

creased secretion of ACTH and the sedation occur concurrently, s gg g 
that the action on the pituitary is part and parcel o its ac ° ACTH 
tral nervous system (38). H reserpine, as it is likely, a so s . .. 

release in man, then we are in the embarrassing position o no , 
biochemical and physiological consequences of this action a er 

treatment. , fn 

Absorption, distribution, and metabolic fate of reserptne. is 
maintain a constant clinical effect wth reserpine. In fact, a seyre a p 
sistent depressive reaction can occur In patients . josaec: 

ment of hypertension. Two reasons make it difficu o . . 

(a) On oral administration the drug is lai^ely and per aps va ^ 

down in the gut (39), presumably by the action of esterases, nrallv 

single dose of the drug is much more effective ‘"^ravenously than or^ 
(40). ib) The drug is slow-acting and repeated doses exert 
over a period of weeks. A better reserpinelike compoun mig 
is stable in the gut and does not exert cumulative effects. 

Other Rauwolfia Alkaloids 
The other natural alkaloids, dcserpidine,^ rauncscine, 

have also been used in treatment of mental disorders. cj i . ^ . ^S) 

tilulivcly from reerpine in their clinicnl and 

There 1, no clenr-cut evidence that theae agents, in therapeutically equlta 
lent doses, exert fewer side effects than reserpine. 

BCXZOQCINOUZIKES 

Tetrabenazine (Nitoman) and other benzoquinolizines produce 
iike pharmacological effects in animals, including tranqui iza ' - > 24 . 

motor activity, and a stimulation of central parasympat le i -ynina* 

4»: th«e compounds, however, exert little effect on the 
thetic system (42, 43). Tetrabcnaanc causes a decrease m bra P 
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rine and serotonin, and only partially lo^^’ers peripheral amines. Unlike 
reserpine, tetrabenazine has a rapid onset of action. The effect of the drug 
on brain amines and its central effects are both of short duration, lasting 
only while the drug remains in the body (42, 44). 

Insufficient reports are available to evaluate the drug clinically, but pre- 
liminary reports suggest that it is useful in treatment of hyperactive psy- 
chotic patients. The potential advantages of the drug He in its rapidity of 
onset and lack of cumulative effects. The drug does not cause appreciable 
incidence of hypotenaon or diarrhea; like reserpine it evokes extrapyramidal 
signs (43). 

Sites of Action of Reserpine and Chlorprojiazine 

Ejects on the electrical actieity of the nervous system . — Our knowledge of 
the functional and anatomical organizaUon of the brain is too scanty to 
understand how drugs influence bioelectrical actiuty. Only in exceptional 
cases can we associate changes in electrical actiWty with changes in function; 
nevertheless, electrogenic responses in various brain regions might ultimately 
provide a crucial link in relating drug action to alterations in brain func- 
tion. Changes in electrical activity have been of great importance in show- 
ing that reserpine and chlorpromazlne act on different neural pathways. 

Following the administration of chlorpromazine, sensory stimuli that 
formerly evoked behavioral and EEG arousal are no longer effective (45). 
However, unlike barbiturates, chlorpromazine does not depress the trans- 
mission of impulses in the brain stem reticular formation (46). Rather, it 
acta much more specifically to suppress the effects of sensory stimuli by inter- 
fering with the input from afferent collaterals onto this system. In contrast, 
norepinephrine and its congeners, amphetamine and LSD-25, produce an 
alerting of the EEG by sensitizing the animals to the influence of external 
stimuli (45). Experiments Indicate that these phenylethylamines have little 
or no direct action on the brain stem reticular activating system but sensi- 
tize it to sensory influences, thus acting oppositely to chlorpromazine (47). 
These results support the \dew that chlorpromazine produces its tranquiliz- 
ing action indirectly by bloclang the activating effect of norepinephrine on 
the reticular formation. The animal remains conscious possibly because the 
activity of the reticular formation itself is not suppressed. According to this 
concept, norepinephrine controls the activating effect of afferent collaterals 
on the reticular formation; amphetamine and LSD-25 produce their centra! 
excitatory effects by mimicHng the acrivattng effect of norepinephrine on 
the reticular formation. 

Since reserpine does not appredably alter the response of the reticular 
actirating system to seflsoiy stimuli nor block the effects of norepinephrine 
or LSD-2S on this system, it may be inferred that reserpine and chlorprotna- 
zine produce similar behasioral effects by acting on different neuronal path- 
ways Reserpine, but not chlorpromazine. differenUally affects the limbic 
system (48), an important part of the telencephalon, which includes the 
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amygdala, septum, hippocampus, pyriform cortex, and cingulate gyrus. The 
limbic system iinks the cortex anatomicaily and functionaily with the hypo- 
thalamus, as shown by Papez (49). Reserpine initiates spontaneous electnral 
seizure patterns in the amygdala which may spread to t e o 
regions (50), but not to the neocortex; in addition, it lowers the threshold 
e.xcitability of the amygdala to electrical stimulation (51). The ellect ol 
reserpine on the amygdala may be an important clue to t e mec anism 
which this drug reduces the intensity of emotional behavior. In this regar 
it is pertinent that the amygdala is rich in serotonin but low m norepmep 
rine (52). Chlorpromazine does not acrivate the limbic system ^'cept i 
almost toric doses (53); meprobamate and barbiturates decrease t e exci 

. . f .'ft. 

Unlike barbiturates, chlorpromazine and reserpine do not 
electrical activity in the classical sensory pathways. Fai ure o 
quilizers to affect these pathways sharply differentiates their mo e o 

from that of hypnotics. . 

Effects of chlorpromazine and reserpine on central tntegraUve ' 

Since the effects of tranquilizers cannot as yet be explaine m , , 

trophysiological events, other experimental approaches are a . 

study their mode of action. One approach has been to compare 
of total behavior induced by drugs with those produced by e ec . 

lation through electrodes implanted in various brain regions. . 

studied the means by which central autonomic pathways are t-.i, 

with other neural pathways to regulate behavioral 
can function without conscious control. He expounded the ew 
nomic, skeletal muscle, and emotional behavior are coor^ fr^irmnlstic 

organizations in the subcortex made up of tiyo 
systems, ergotropic and trophotropic. According to css, ^ 
division integrates the central sympathetic system with soma o _ 

ties to produce behavior patterns which prepare the body^ or posi 

(fight or flight reactions). The overall effects of ergotropic 

increased sympathetic activity, arousal, enhanced skeletal , 

activity, and an activated emotional state arc start ing ^ , Jrucs 

of amphetamine and LSD-2S, and conform to the view ^ 

stimulate while chlorpromazine blocks ergotropic activnty. -_,^-»omotor 

division integrates the central parasympathetic system wi 'rt.p overall 

acti\-itics to produce behavior patterns of a recuperative na 

effects of trophotropic predominance — increased parasympa 

drowsiness and sleep, decreased skeletal muscle . .. those 

lowered responsiveness to external sUmuIi — are marked y 

of reserpine, and conform to the view that reserpine stimulates trop P 

OCti\ity. 

On the basis of Hess’s concepts, patients suffering from 
oharacierizcd by symptoms of overacUvdty. agression, and cx pg 
emotional responses may be provided relief by drugs w ic i 
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balance of subconical actlwty toward normal, either by suppressing the 
ergotroplc system (chiorpromatlnc) or by stimulating the trophotroplc sys- 
tem (reserpine). 

The view has been ad%*anced that the ergotroplc and the reticular activat- 
ing systems might be intimately related and controlled by the action of 
norepinephrine. In fact, a detailed mapping of the brain amines shows that 
norepinephrine is localized largely in those regions under the influence of the 
reticular activating system (52). It has also been postulated that the tropho- 
tropic system is controlled by the action of serotonin (3). However, since 
serotonin is closely associated with norepinephrine in most areas controlled 
by the reticular activating system, the nature of the neural pathwaj's associ- 
ated with trophotropic actmty remains undefined. 

However, from recent studies showing that the brain stem reticular for- 
mation contains inhibitory fibers It has been postulated that Inhibitory as 
well as excitatory pathways are dispersed diffusely throughout the reticular 
acti^-ating system (55). It is possible that serotonin is associated nith these 
inhibitory fibers. 

Central Muscxe Relaxants with PsYcnosEDATi\'B Properties 

Meprobamate, a muscle relaxant drug with sedative action, was dis- 
cussed in the Annual Rntexe of Medtetno of 1958. Methaminodiazeporide 
(Ubrium), a compound with similar properties but an entirely different 
structure, is currently in style for the treatment of conditions dominated by 
psychological or muscular tension. 

The pharmacological effects of methaminodiazepoxide and meprobamate 
differ from those of reserpine and chlorpromazine. Like barbiturates, they 
produce sedation and cause muscular relaxation by blocking polysynaptic 
pathways (56). The latter action, by relieving muscular tension, possibly 
accounts in part for their therapeutic effects. The drugs have no obrious 
influence on the hypothalamus for they do not affect autonomic functions. 
Finally, these drugs antagonize pentylenetetrazol (Metrazol) and electro- 
shock seizures (56, 57). 

Clinical aspects . — A number of reports, many of them based on uncon- 
trolled studies, state that methamioodiazepoxide relieves anxiety and ten- 
sion, and recommend its use in treatment of neuroses. Other papers indicate 
that it is useful in controlling grand maf epilepsy. As yet, a\'ailable eWdence 
does not permit the conclusion that this drug is more useful in treatment 
ol neuroses than a number of other mild sedatives. However, this does not 
mean that the drug may not ultimately prove to have some spedal merit, for 
evaluation of this sort of compound is complicated by the fact that many out- 
patients v.ith neuroses improve on a placebo, and that barbiturates, if care- 
full)’ used, are also effective. 

Side effects, especially in larger doses, include drowsiness and impairment 
ot thinViiiK. ataxia, vertigo, contusion, and an increase in appetite and 
weight. Occasionally, patients exhibit episodes of a ragelite reaction (58). 
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An important question is whether sedation and muscular relaxation, the 
two primary actions oi the drug in animals, can account for its tranquihzing 
action in man. Based on experiments showing muscle relaxation m animals, 
the doses used in man seem small. But drugs are usually metabolized much 
more slowly in man than in animals, and comparative plasma eve s wou 
help answer this question. 

ANTIDEPRESSANT DRUGS 

There are four main, types of antidepressant drugs: (o) phenylethjlamine 
derivatives, {&) dimethylaminoethanol, (c) monoamine oxidase in itors, 
and (d) iminodibenzyl derivatives. The terms “thymoleptic* and psychic 
energizer" have been applied to some of these drugs but these appe a ions 
seem even less helpful to the understanding of their action t an t le erm 
"tranquilizer” for the sedative drugs. 


Phenylethylamines 

Central stimulants like amphetamine, and its milder congeners, pipradol 
(Meratran) and methylphenidate (Ritalin) are analogues of "orepmephnne. 
They appear to stimulate adrenergic receptors in brain and in e 
opposite to those of chlorpromazine, including arousah hyperac ivi y, 
central sympathetic predominance. Electrophysiological stu les 
that these drugs produce their action by sensitizing the reticu ar ac iva 
system to sensory influences (S9). The drugs are oj some value in ‘■'satme 
of depressive neuroses and of behavioral problems in children, u ® . 

use in more serious depressed states. Since they increase a oen ra * 

whether healthy or psychotic in nature, the symptoms of subjects " ' 
sions and anxiety may be heightened. The centrally acting phenylethlaminra 
as a class show considerable selectivity in their action ; they a 
tile, but diethylpropion (Tenuate) and phenmetrazlne Prelud.n) are re- 
ported to do so over a wider range of dosage than amphetamine '' 
increasing psychomotor activity (60). The more potent 
Ecnerally evoke mental aberrations; LSD-2S provokes this cilcct at uoses 
only little higher than those enhancing psychomotor activity, ercas 
high doses of amphetamine and ephedrine arc required. 

DlMETnYLAMINOEXnANOl. 

_ Dimethylaminoethanol (dcanol, Dcaner) was tested on the 
M-Quld enter brain and be converted to free acetylcholine, ^ . 

ON-idcnce for this view. In animals, prolonged administration of ‘ 

doses increases excitability and motor actiNity; m mice . . 

^fog can elicit audiogenic seizures and in dogs spontaneous 
seizures (61). . 

The drug is reported to be useful in treatment of * 

^fpresslon and neuroses, and of children with bchavtorand learning 


llowt 


•ever, clinical evidence with this drug does not appear i 


) be conclusive. 
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Monoamjne Oxidase Ikhibitors 

Pharmacological and biochemical aspects of iproniazid . — The use of 
Iproniazid in the treatment of mental depression came about from the ob- 
ser\’ation that the drug produced euphoria and overacti\'ity in tuberculous 
patients. An important lead in understanding the action of this hydrazine 
was provided when 2eller et al. (62) showed that it inhibits monoamine oxi- 
dase, an enzyme later found to be important in the metabolism of brain 
serotonin and norepinephrine. In certain animal spedes, iproniazid causes 
an increase in brain serotonin which is followed by an increase in brain 
norepinephrine. The drug induces exdtation, increased locomotor activity, 
and mydriasis, which are temporally related to the rise in brain norepineph- 
rine rather than the rise in brain serotonin. Further evidence that the cen- 
tral effects are not related to the rise in brain serotonin is the failure of 
iproniazid to cause exdtation in dogs and cats; in these animals the drug 
elevates brain serotonin but not brain norepinephrine (63). 

Iproniarid exerts anticonvulsant effects against electroshock and penty- 
lenetetrazol (64). In rats and mice the rise in convulsive threshold coinddes 
with the rise in brain amines. In contrast, reserpine, which depletes brain 
amines, lowers the convulsive threshold (2S>, 64). 

Clinical aspects of iproniazid . — Many reports (65, 66) indicate that 
iproniazid cart relieve depression in some patients with involutional, eadog- 
enous, or reactive psychoses: >» other patients the drug is ineffective. The 
drug is often substituted for electroshock therapy, but in view of its alow 
onset of action, shock therapy is often preferred If there is risk of sutdde. 

The glow attendant upon the introduction of iproniazid has been dimmed 
by the occurrence of toxic effects. Postural hypotension, a frequent side 
effect, is a potential danger, especially in old patients who may suffer dam- 
age from falls. In certain patients the drug can convert a depressive reaction 
into one of toxic psychokinetic stimulation. A more serious side effect is occa- 
sional liver necrosis of a particularly toxic type, pathologically similar to 
viral hepatitis (6T, 68) . Because of this effect on the liver, the indiscriminate 
use of iproniazid should be avoided. 

Nev! monoamine oxidase inhibitors . — ^The hepatotoxic action of ipronia- 
zid has stimulated the development of other hydrazines, four of which have 
been marketed: l-phenyl-2'bydrazinopropane (JB 516, Catron), phenylrine 
(Nardil), nialamide (NIamid), and isocarboxazid (Marplan). These com- 
pounds also raise brain levels of serotonin and norepinephrine and evoke a 
centra! exdtation which coinddes with the rise in norepinephrine. Two of 
the drugs, JB 516 and phenylrine, also exert an amphetaroinelike srimulatoo' 
action that appears shortly after administration but is short-lived. In clin- 
ical doses, it is doubtful whether this action is important. 

The drugs differ markedly in tbdr potency, but, in general, the least lo»c 
are also the least active- Clinical experience with the new compounds is stm 
too limitod to equate effectiveness vrith safety. They all produce ortkostalic 
hypotension, the eitent of which appears related to the degree of mono- 
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amine oxidase inhibition (69). The hypotension is suggestive of altered 
sympathetic function but the mechanism is unknown; nevertheless, the 
drugs are proving to be useful in the management of hypertension as well as 
in the treatment of angina pectoris. 

Some of the newer hydrazines can produce liver and brain daraag^ 
Catron, the most effective of the drugs in the treatment of depression and 
hypertension, occasionally produces liver necrosis similar to that reporte 
with iproniazid. In some patients, it has produced a reversible loss of redan 
green color discrimination, sometimes associated with diminished visua 
acuity and optic neuritis (70). Long-term administration of small doses of 
Catron (1 mg./kg.) and a closely allied congener, phenylisobutyl h> razine, 
can produce lesions in the inferior olivary nucleus or in the pyriform cortex 
of dogs after 100 days of treatment (71). Yet, in rats and rabbits, this brain 
damage is not observed except after very large doses. This examp o o n ^ 
layed toxicity highlights the difficulty of setting up standards for toxicol^i- 
cal evaluation of drugs that may have to be given for months or y^ars. Be- 
oause of its toxicity, Catron has been withdrawn from the market. Recently, 
another hydrazine monoamine oxidase inhibitor (serine'N-2-isopropy >- 
drazide) was withdrawn from clinical trial because it produced liver damage. 

Monoamine oxidase inhibitors can modify the effects of other centra^ y 
acting drugs. By depressing the activity of the liver enzymes that in- 
activate barbiturates, they prolong the duration of action of these drup. 
This potential hazard is probably not of clinical concern, for animal studies 
show that the effect on liver enzymes lasts only a short time after single doses 
of the inhibitors (72). The action of monoamine oxidase inhibitors can oe 
aggravated by the stimulant effects of caffeine, so that patients on a mono- 
amine oxidase inhibitor may become hyperexcitablc after nn ' ng co 
( 73 ). 

Since the inhibitors cause a marked rise in the lev'els of brain serotonin 
and norepinephrine, bizarre results might be expected jf anot er **ug m 

given which also acts at amine sites. For example, the actiMty o p cno u 

rines has been reported to be markedly increased after pretreatment o a pa 
tient with a monoamine oxidase inhibitor (73). MorMver, rcserpine given 
‘inimals pretreated with a monoamine oxidase inhibitor can 
found excitation rather than sedation (74). Perhaps only the fact that 
rolativcly small doses of reserpinc arc given to man has prevented cata- 
trophic effects with this combination of drugs. Finally, as discussed later, 
‘mipramine has caused alarming symptoms and even death m subjects p - 

treated with a monoamine oxidase inhibitor (73). The fact that t ® ® . 

wme drug combinations were first noted in the clinic underscores the inip • 
anceof having more than routine animal datauxiitlablc before pa ic 
*ubj^ctcd to a new psychotherapeutic agent. „,«««. 

Recause of the potential toxicity of hj’drazines, rion- 1 > razin , 
smme oxid.isc inhibitors arc being developed. Several, me u mg . 
^-m«hyl-2.propanylamine (A 19120) and tranylo-pronimc (Parnate). 
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being used clinically but at this writing their usefulness cannot be evaluated. 

AhsoTption, distribution, and fate of monoamine oxidase inhibitors. — Like 
reserplne, monoamine oxidase inhibitors are “hit and run” drugs; inhibition 
of monoamine oxidase, rise in brain amines and pharmacological effects per- 
sist long after cessation of dosage despite the relatively rapid biotransforma- 
tion of the drugs (75). Iproniazid is readily absorbed and quickly enters brain 
and other tissues. Although the drug is metabolized in a relatively few hours, 
monoamine oxidase blockade persists fora considerable time because of “ir- 
reverable” inactivation of reactive sites on monoamine oxidase. Since the 
drugs act “irreversibly” the effects of small daily doses are cumulative. 

The peculiar mode of action of monoamine oxidase inhibitors poses the 
problem of dosage regulation, since the effects of these inherently dangerous 
drugs are related not to plasma levels, but to the extent of monoamine oxi- 
dase blockade. It is difficult to decide if a poor clinical response is caused by 
underdosage, or if side effects arise from overdosage. A simple test— the in- 
crease in urinary tryptamme or tyramine — makes it practicable and perhaps 
advisable to determine the degree of monoamine oxidase inhibition in vivo 
(76). These amines are ordinarily oxidized in tjvo by the action of monoamine 
oxidase but after adequate blockade of the enzyme, there is a pronounced in- 
crease in their urinar)' e.xcretion. This test might be particularly valuable in 
avoiding toxic effects in susceptible individuals. In addition, it might obviate 
the lag in onset of drug action by allowing the safe administration of loading 
doses. Last but not least, the test would be helpful in weeding out placebo 
effects in the screening of drugs. 

liiisopiBENzvL Derivatives 

The discovery of imipramine (Tofranil) as an antidepressant sho\v5 the 
inherent danger of an inflexibly structured plan in choosing drugs for clinical 
trial. Recognition of imipramine as an antidepressant came about from the 
astuteness of Kuhn (77), who was testing the drug for a potential tranquiliz- 
ing effect. Imipramine is structurally related to promazine (see Table I) ex- 
cept that the ring S is replaced by CHt-CHt moiety. 

Imipramine is not a monoamine oxidase inhibitor nor does it cause a nse 
in brain amines (78). The drug does not elicit excitation in animals; rather, 
its pharmacologic profile is that of a weak chlorpromazineltke compound, in- 
cluding slight drowsiness and the potentiation of barbiturate action (79). 
Thus, none of the screening procedures currently used would suggest this 
compound to be an antidepressant drug- 

The antidepressant action of imipramine becomes dramatically evident 
in studies which show that in rats pretreated with the drug the following ef- 
fects of reserplne are prevented: depression, miosis, diarrhea, ptosis, hypo- 
thermia, potentiation of hypnotics, and increased activity of the central 
parasympathetic system (80, 81). The action of chlorpromazine, however, is 
not prevented by the drug. The view has been suggested that imipramine 
might counteract reserpine by antagonizing the effects of free serotonin (SO). 
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It is possible that the inhibition of reserpine action by Imipramme might 

bear on its antidepressant action in man. 

Absorption, distribution and fate.— Oa parenteral administration, i™pra- 
mine is rapidly distributed throughout all tissues (82). TI^ drug is ig y 
localized in brain and other tissues; despite the high tissue affinity the drug is 
almost completely metabolized in rabbits within 6 to 8 hr. The antireserpine 
effect disappears in a few hours, showing that the drug is not a 
type like the monoamine oxidase inhibitors. After parenteral a ministration 
in man, the drug is rapidly absorbed but can be detected in plasma for only a 
short time because of its high affinity for various tissues. Plasma ev e curves 
indicate that there is considerable variability in different persons m t e ra e 
of metabolism of imipramine (83). Little of the drug is e.\crete unc 
and various hydroxylated and demethylated derivaUves have een ^ 

from the urine and identified (82). The pharmacological and c mica ac v y 

of these products has not yet been reported. j - 

In depressed subjects the effects of the drug are usua y ® 
period of three days to two weeks after starting treatment. It is possi e 
this delay results from cumulation of the drug or from an active metabolite. 

Clinical Investigators generally agree that imiprarorne can 

exert striking effects in endogenous and involutional depressions, 
lected cases of reactive depression. The drug is said to provi e an e 
alternative to electroshock therapy. , ^ 

Unlike monoamine oxidase inhibitors, imipramine does no usu 

overactivity or euphoria, though in some patients it evokes tension and g • 
tion. Side effects, usually transient and atropinelike in nature, m 
ness of mouth, difficulty of eye accommodation, palpitation, sweating, - 
stipation, and occasional episodes of manic excitement in pa len s 
manic-depressive psychoses. Rarely, liver dysfunction an jaun i 
occurred, which disappear when the drug is stopped. ^ 

Disastrous effects have occurred from combining ^ . j f-- 

>nhlbitor and imipramine (84. 85). The patients who had been trea cd I 
wme time with a monoamine oxidase inhibitor and then given imipra 
veloped bizarre motor signs. circu1ator>' collapse, ?nd hyperpyrexia, ^ome 
"hat similar signs occur in animals given this combination o 
Seem to be inadvisable to treat a patient with imipramine oo so 
mg a monoamine oxidase inhibitor. 

CONCLUSION 

Until recently the drugs used in clinical psychiatrj’ appeared . 

*ymptoms of mental disease by an extension of their pharmaco ogi 
^ c normal organism. For example, chlorpromazinc was gjjjm'als 


ment of psychoses because of its selective sedative action 


”"<i man. With" ThrdUrave^ of the antidepressant nffccts 

"■'re now comes the rcnlizntion that some drugs may shon a t 

^lion only on the abnormal mental state. This should be no great surpr.se 
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since many of our most useful drugs for the treatment of non-mental diseases 
show their characteristic therapeutic effect only in abnormal states: anal- 
gesics, antjrheumatic agents, antiarrhythmlc agents, drugs for heart failure, 
to mention a few. 

The /act that imipram/neelfcitsan ant/depressantacfionin depressed pa- 
tients but not in normal subjects may well result in a new philosophy in the 
search for psychotherapeutic agents in the hope of finding other drugs that 
affect only the abnormal central ner\'Ous system. The pharmacologist is now 
faced with the challenging problem of how to set up abnormal states in 
animals. Perhaps this might be achieved by the use of drugs that provoke ab- 
normal central ner\'ous system activity. This approach might prove to be a 
welcome respite from the generally used psychological screening procedures, 
which may have become too frozen in concept. These procedures, which suc- 
cessfully ignore the e.xistence of neural pathways, were originally set up be- 
cause they proved to be sensitive to chlorpromarinelike agents. The con- 
tinued use of these methods is unlikely to uncover drugs with a different sort 
of actiwty. 
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RESPIRATORY PROBLEMS OF THE NEIVBORN* 

By C. D. Cook, M.D.= 

ChiUrm’s Hospital Medical Center, and Department of Pediatrics, 
Harvard Medical School, Boston, Massachusetts 


iNTRODnCTION 

It has long been realized that the major adjustment of the fetus to extra- 
uterine life involves extensive physiologic changes in e ungs 
and in the cardiovascular system as well. Attempts to mvesUga e e 

and vital changes in the lungs in the perinatal period ate ^ 

the latter part of the nineteenth century (64); however, t ewor'o 

(12) in animals firet delineated many of the important areas nee 
vestigation, and Dawes and co-workers (43, 44, 45) have con nue 
research that has provided descriptions of normal fetal an neon 
monary and cardiovascular adjustments. Stimulated y t ese P™ , 

experiments in animals and provided with a variety of new loc e 
physiologic techniques, investigations have recently been^ hv the 

human newborn infant. Naturally, investigators have been 
puzzles involved in normal respiratory adjustments, ut e s . 

particularly important because they are allowing an newborn 

standing of the respiratory abnormalities encountere ^ m 
abnormalities which represent a challenge to obstemcians, P ’ 

anesthesiologists, biochemists, pathologists, and physio ogis ® . 23 

account for approximately half of all deaths in the first \\ ee ' o * ’ ’ , 

26, 82). Hence, recent advances in the field of respiratorj p ... 

newborn as well as advances in various types of respiratory pro , 
reviewed; some of the research has necessarily been one on 
Only tentative extrapolation to newborn infants is possi e 
time. 

Anoxia 

One o( the unique features of the fetus and newborn 
to withstand degrees of anoxia that would be damaging or —any years 
>uature organism. On the clinical level, it has been rccogm^ oxygen 

that the human fetus could tolerate relatively long peno s . 

<l‘=Pri%-ntion but only recently have the protective mechanisms begun 

iindcrstood. . , 

Himwich and his co-workers (66) showed that the -jp [joth 

"^5 greatly decreased by the injection of iodoacctic aci o 

*or\cy of the literature pertaining to this re\-iew was concluded 

Ui.v™’ '*■''* '“PPOrted in part by tcscareh ErantJ of 

w Nauoml H„rt Institute, and by a grant (E-1 170) from ‘h' 

^ rh, U. s. Public Health Seiadcc. 
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substance, which inhibit e-y-- 

workers (115, 116) have compared the tn dro met ^ . 

dssues in Or and From their experrments .t arns 

lytic enzymes of the fetal liver respond to iJel, the 

do those ot the adult liver. These aurtors^so 

generally accepted belief that anoxia P">^"«VStv ouite active after 
Both the liver and cerebral cortex cells were metabohca > q t 
en hour ot complete anoxia but .t wms not shoivn a ''eth'C or not t ^ 

initiate or transmit nerveimpulses.H.stoloE.ccompan on of^ 

exposure to O, and N, showed httle difference. 

indicated that much more glycogen had been utilized under an 

‘‘'"rhas been suggested by Villee (1 16) that "the 
and term fetal tissues observed in the rat, humaii, “"d g P 
physiologic adaptation to persistent Ussue ^yP°"“. ,.;th- 

gestauon-enzymatic adaptations which would provide more en 
out utilizing oxygen." And he concludes that the resistance ‘ 
fetus and newborn to anoxia is the result of several or many alt 
metabolic patterns each of which would cootnbute a small amount ol energy^ 
In line with the studies on tissues, which indicate that the metab 
clycocen is at least an important factor in anaerobic sui^-ival of ’ 

the intetesting work of Dawes and his colleagues (46). 
these workers have shown a close correlation between the . 

(glycogen) content of the cardiac muscle and the anoxic survival of new 
animals. Maintenance of the circulation is obviously of ^^tal 
determining survival, and hence there may be a causal relationship e 
the carbohydrate content of the cardiac muscle and resistance to anoxia. 

Based on these fundamental studies, and of even potentially grea 
direct importance to the clinician, is work by Dawes, Mott & Staflor f 
which provides preliminary data on the treatment of anoxia in expenmen 
animals. In addition to utilization of glycogen stores, a serious aci osis i 
also part of the picture of asphyxia. These workers have shown that c^^ 
rection of the acidosis combined with provision of glucose significantly p 
longs survival under anoxic conditions and aids recoverj' from . 

appears that much of the beneficial effect results from improvement o 
cardiovascular status. Howev'er, at the present time it is too ^ ® . 

whether or not brain damage may be prevented by such therapy. A t 
there is as yet no direct evidence that the same sort of process obtains m 
respiratorj' distress syndrome of newborn infants, it is inleresting^to 
late that the therapy suggested by Reardon and her associates (95, ) ^ 

by Usher (113, 114) may aid in the same sort of way. These workers av 
claimed beneficial effects from the administration of glucose and bicarbona 
lactate, or saline solutions and this may similarly help to maintain the circ 

lation in distressed infants. ^ ^ kit- 

Recent studies by Moore (89) have shown that hypoxia in newbo 
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ta„tfacto.intheexpa„sio.otthefetMlung.P^deTO — 

of bubbles from the lungs of guinea ^ postulated that an 

bubbles from the least mature lungs. At H<»ficiencv of some factor, 

increase in surface tension, possibly arising rom ^ distress syndrome 

might be responsible for the atelectasis o the res« 

(hyaline membrane disease) encountered Uctnnres ivith unique 

Because it ivas possible to extract a substance or sub antes n.th^ 

surface tension properties from postmortem ung sp below 

shown by Avery & Mead (10) that lung extracts from 
1100 or 1200 gm., had much higher (4 to 5 times) su ^vell explain 

extracts from more mature fetuses. High surface ” 

instability of the lungs, difficulty in expansion, an a e . , tissue 

Thus.'^progress is being made in the <!!— r t rattriactors, for 
changes during maturation of the lungs, x n ► normal development, 

undoubtedly there are many, which are necessary or^ hand, and neces- 

for adequate expansion and function of the lung on gradually being 

sary for the avoidance of abnormalities on the o . 

delineated. 

Mechanics 

In recent years, there has been much p joj. to respiration, 

the first breath as well as subsequent respiration t h *^^3 overcoming 
the lungs are fluid-filled and the introduction o stillborn infants 

large surface tension forces. Thus, studies (61) on usually necessarj' 

indicate that opening pressures of 15 to 25 cm. o t .g-gurgs as high as 
andobser^-ationsby Karlberg ( 76 ) have shown opem g P ^ ^^2) has 

60 cm. HjO in some normal newborn taportant part in 

suggested that "alveolar capillary erection p > interpretation of his 
initial expansion of the lungs, it would appear t a critical experimental 
tt/ro experimental data is not valid. In addition, shows that only a 

work by Avery and her co-workers (9) and ot j.gnsed pulmonary' 

small expansile force can possibly be expected rom muscles, even of the 

vascular flow accompanying birth. That the respira o pressures ncces- 

premature infant, are usually capable of producing rhe 

wry. was shown in 1941 by Smith & Chisholm liu J^^ygiume/APrcssure) 
lungs is rapidly reraov cd, the compliance of the lung t „„ „d 

•5 increased until at one to two hours it ^^ould pp compliance of the 
an the basis of lung volume or lung tissue wcig i > 

•ntant’s lung is similar to that of the adult’s (33). expansion Hm *a 

The application of this information about mi 25 cm. H»0 

^ne field of newborn resuscitation; obviou^y. . r jhe lungs them- 

*aore will be necessary (see above) for the rst chest wall? In 

®«lves. But what about additional pressures to P iq overcome 

adults being artificially respired, almost half ^ at jeast in newborn 

*hc elastic resistance of the thoracic structures. I o 
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.re .,so necessary lor .he infant rvi.h <1;= hy^= 
brane syndrome and recently suggested methods for such treat 
mentioned under management of that condition. of apnea 

Three recent publications (I. 2, 105) have rerteued the etiology oUpn 
and hypopnea of the newborn and pointed " f ,Lce 

techniques for treatment. Particular emphasis is ,„r). 

of preventing situations that involve depression of the ,2. 

center. Furthermore, the dangers of unnecessary and unsUlle P 

tions have been stressed. On the other hand, positive pressure (“P ^ j 

HtO) ventilation has been recommended when necessary, 
intubation when indicated when trained personnel are available. 


Histochemistrv and Biophysics of the Lungs 
Previous reports by Potter (92) have provided an important 
ol the anatomical development of the air passages and alveoli and the p • 
monary circulation. She has shown that one of the critical factors m inc 
ability of the fetus to tolerate extrautcrine existence is the extension 
alveolar capillaries and the thinning of the alveolar walls so that the 
from alveolar air to blood is short enough for adequate exchange of » nn 
CO*. More recently. Loosli & Potter (86) have described the 
of elastic fiber systems within the lungs. They suggest that the elastic er 
the key to the determination of lung architecture. Their work indicates 
the lung of the newborn is structurally not a miniature of the lung o a 
adult. For example, in the premature infant the respiratory spaces are c an 
nels with vascularized walls without, or with only rudimentar>’, alveo i. 
full-term birth, alveoli are small and incompletely developed and the limit 
elastic fibers allow growth of alveolar ducts and sacs. 

Descriptions of histochemical and biophysical changes during ung 
maturation have suggested other factors which may be equally impor an 
in terms of lung differentiation and function. Sorokin and his co-wor e 
(107) have examined the histochemistry of the developing lungs of 
guinea pigs, and pigs and have shown that mesenchymal glycogen is ^ oun 
mainly in developing lungs of species that attain, at a relatively late 
certain degree of chemical and architectural perfection. This time is ca e 
the "critical period” and is 59 per cent of the gestational period in sheep, 
per cent in the guinea pig, 78 per cent or 7 months in man, and 113 per cen 
in the rat. Obviously, with different species birth occurs at various points in 
the anatomical and histochemical development of the lung, but in all speaes 
studied expansion of the lungs at birth is not accompanied by signincan 
tissue chemical change. ^ . 

In 1947, Gruenw’ald (62) drew attenrion to surface tension as an impo 
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tantfactorin theexpansion of thefetaUung. Patrie (9«^ 

of bubbles from the lungs of guinea J^^LtSated that an 

bubbles from the least mature lungs. At jofiripnrv of some factor, 

increase in surface tension, possibly arising rom a ^ distress syndrome 

might be responsible for the atelectasis of the resinr^a^ory 

(hyaline membrane disease) encountered in iterances with unique 

Because it was possible to extract a substance or substances .ith^ ^q^_^ 

surface tension properties from postmortem human fetuses below 

shown by Avery & Mead (10) that lung extrac s tension than similar 

1100 or 1200 gm., had much higher (4 to 5 times) su niicht well explain 
extracts from more mature fetuses. High surface tension m ght P 

instability of the lungs, difficulty in expansion, an a e e . tissue 

Thus progress is being made in the description for 

changes during maturation of the lungs. The actor, development, 

undoubtedly there are many, which are necessary o j^^^nd, and neces- 
for adequate expansion and function of the lung gradually being 

sary for the avoidance of abnormalities on the other, are g 
delineated. 

Mechanics 

In recent years, there has been much ior to respiration, 

the first breath as well as subsequent respiration t h overcoming 

the lungs are fluid-filled and the introducUon o stillborn Infants 

large surface tension forces. Thus, studies (ol) ^ usually necessary 
indicate that opening pressures of 15 to 25 cm. o s as high as 

and observations by Karlberg (76) have shown . TSvkka (72) has 

60 cm. HjO in some normal newborn infants. important part in 

sugpsted that “alveolar capillary erection interpretation of his 

initial expansion of the lungs, it would appear t a (.j-itical experimental 
vitro experimental data is not valid. In addition, shows that only a 

^ork by Avery and her co-w'orkers (9) and ot ^ged pulmonary 

small expansile force can possibly be expected muscles, even of the 

vascular flow accompanying birth. That the ? . j pressures neces- 

premature infant, are usually capable of Ag the fluid in the 

“rj*. was shown in 1941 by Smith & Chisholm U /AVolume/APressure) 
l«ng5 is rapidly removed, the compliance of the ‘“"S t ^ compared 

increased until at one to tw'O hours it would 3PP®‘ comnltance of the 
the basis of lung volume or lung tissue weig i ■ 
infant's lung is similar to that of the adult s (33). expansion lies in 

The application of this information about mi i 25 cm. HtO or 

^ne field of newborn resuscitation; obviously, . r lungs them- 

^ore will be necessary (see above) for the first m chest wall? In 

*<= '•03. But what about additional pressures to *'-''P jgu,cd to overcome 
adults being artificially respired, almost half least in newborn 

me elastic rcsistante of the thoracic structures. Ho" 
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.„i.a,s, the thota. es might be expected. ‘‘PPf--" 
::t^lt„t:?ndtd":thLLb„^t„, the tcend^^^^^^^ 

niiant tViorsK ill vounser children has been shown (35). » ^ r__* 

S„"one”/the Llhcla, expansloe o( the 

are the lungs themselves, their surface tension, and elastic forces. 


Tecdniques 

There has been a great surge ol interest in JT aS- 

problems ot the newborn infant and this has been 
Llity ol improved techniques. The development 
allowed observation ol the aeration ot the lungs from the very fi s g P 
and swallow (21). Cardiac catheterization during the Pf"° ’ 

85, 98) has provided information concerning pulmonary ^ ^ 

ments both in the normal infant and in the infant with ‘ .. 

Methods of microanalysia for blood gases have pro\nded valuable dat 
effectiveness of the lungs in performing their principal function of gas ex 
change under varying conditions (68, 96, 1 17). The ability to measure ven 
atlon under relatively basal conditions with body plethysmograp^ s pe 
fected by Cross (39) and reverse plethysmographs (48), as well as with now 
meters (88), has added to the knowledge of the newborn infant's respiratory 
adaptation to extrauterine life. Lung compliance and flow resistance ave 
been studied, using intraesophageal catheters (32) and balloons (112) or e 
estimation of intrapleural pressure changes. These techniques have ee 
applied by Karlberg and associates (79) to an examination of the 
involved in the first breath. Total chest and lung compliance of the new’born 


infant have been estimated by Weisser and his associates (118). 

Static lung volumes have been measured by two different proce ures. 
Berglund & Karlberg (17) have measured the functional residual capacity 
of both normal infants and those with respiratory distress, using a helium 
dilution method, while Klaus and associates (81) and Auld and his ro-w'or 'ere 
(8) have measured functional residual capacity by the application of t e 
Boyle's law' technique suggested for adults by Dubois et ol. (50). 
change has also been measured (31, 41, 73, 108) and these studies should e 
greatly aided by the use of a small but low-resistance valve devised y 
Golinko and associates (59) and a tiny Rahn sampler designed by 
(90). Even lung diffusion has been studied by Stahlraan & Meece (108, I ) 
who applied the steady-stale carbon monoxide method densed by Filley 
(55) to the newborn infant. ^ . . 

All of these techniques, coupled with the histochemical and biophysica 
description of the lungs previously mentioned, are opening up new areas o 
investigation in the new^m infant, and allowing extension of knowledge to 
the human newborn organism where previously most of the information has 
had to be based solely on animal experimentation. 
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CONTHOL OF RESFIRATION 

Indicative of the need for further investigation in 
of the newborn infant is the disagreement on the ^ 

various factors involved in the initiation of respiration. n-nnkevs) has 

(12) and, more lately, Dawes (44). in animals (sheep »<> .nonkey . has 
IhL that tactile and thermal stimuli as well as severe anoMa all par^ 
ticipate in initiating respiration under expenmenta con ^ 

Wjsbrot and their associates (68, 117) have P”’ “'itow 

Or in a large series of infants and have concluded ’“S 

pH encountered in the blood of most newborns pro a ^ infants 

the first gasp if anoxia is not severe. Their studies on p > 
indicated that, although the infant might make a gasp w ^ ,fpj,j.jiyth- 

measureable O. in the Lbilicai arterial blood, O, seemed es enbAlf^^ 

mical activity of the respiratory center in the caused 

and metabolic acidosis. They felt that "failure to re metabolic 

Ijy either depressant drugs or the severity of the resp 

acidosis, the result of prolonged asphyxia.” , .v n mild meta- 

Reardon and her co-workers (96) agree that at birt e continued 

hollo and respiratory acidosis which is possibly plo- 

production of CO. aT a time when the lung is .r'rimura^ter 

cental circulation is impaired. Their data "‘“"unborn infant 

hirth the respiratory acidosis has been u by hyperventila- 

Apparently cannot compensate for the metabolic , „ '^^utilation ap- 

tion. Later, between 4 and 24 hr. of age, more ^ alkalosis, 

parently lowers the Pco.. sometimes to the po.n P 

The fact that after 4 hr. Pco. in decreased and <» „ jj,b major 

pected to influence respiration, suggested that p tJiroueh the first 

chemical stimulus to respiration from 4 hours after birth through 

Still another concept concerning the control of / —Qgt^impor- 

Graham & Wilson (60) who conclude that O. lack is one o the mos 

lant factors in stimulating respiration in the newborn in a j^j^jatjng and 

Whatever the relative importance of various , jn the first 

f^ulating respiration, it is apparent that the rnargi pulmonary 

hours and days is small; if there is any significant deg 
abnormality, acidosis will usually result. 

Hyaunh Membrane Syndrome 

Of all the respiratory abnormalities encountered * syndrome os it 
I c hyaline membrane syndrome, or the respiratory jbe einglc 

•s sometimes called, has aroused the greatest interes excellent 

*^051 frequent cause of death in newborn infants t ' . clinical 

t^port, James (69) has summarized much of the pres condition dates 

and research information. Although particular interest 
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back to the reports by Farber & Wilson in W32 and 1933 (53. 54, 120). tn 

£::rn';^s tt" s ^ -o. 

rlods ot time (2 to 4 days) (16). and by the 

trachea (19), but atelectasis, nhicli is so prominent a part 

occurrine condition, has not Imen consistently present, l loivever, the 

ol Alvirouri (6) deserves mention because lie h^ 1>«" “>>’■= >° J , 

line membranes ivith injections ot plasma and 0.22 per cent CaC ■ dire tl) 

into the trachea ot rabbits. App.arently -elien tin, mis ure 

evith the thromboplastin contained in the lone parenchyma, a do ol hbnn 

is termed. AlthoiiBh this eepcrimental technique obviously docs not • 

the steps involved in the naturally occurrinE disease, nevertlieless, it may 

proside a reproducible method ot studyins the time-course of the 

ot the membranes and provide a preparation whtch could be use 

various therapeutic rcRimcns. Much like the process in infants, t ic 

mental membrane thus produced is uell developed in 12 hr. and begm 

recede toward the third or fourth day and has practically disappeared > 


the sixth. , •-! 

The studies of Gitlin & Craig (58) in 1956 identified the hyaline matenai 
lining the alveolar ducts as fibrin, the source app.-irently being scrum trans^ 
dates into the air spaces. Their further work (38) showed in If***"®^*®^ 
specimens that the membranes blocked the air passages. 

Rossdale (87) have reported that a disease \ihich simulates the bya'^ 
membrane syndrome occurs in foals, particularly when the marc is * 

If further study confirms this, It will be of great interest (in spite of the 
that the horse is an expensive experimental animal) as it will be the rs 
instance of this condition in animals. 

It has already been mentioned that Avery S: Mead (10) have sionn 
relationship between prematurity and the presence of high surface tcn-ion 
forces demonstrated fay the lung extract studies. Furthermore, t ey a\e 
shown that infants dying of hyaline membrane disease, regardless o * 
gestational age (although most, of course, are premature infants), usua > 
have lung extracts exhibiting higher surface tension forces than does t e 
control material. They have postulated that this abnormality is at least one 
of the important causative factors in the pathogenesis of the atelectasis o 
the hyaline membrane syndrome. It has even seemed possible that the change 
in intrapulmonary' pressure secondary to the high surface tension 
might in some way account for part of the transudation of plasma whic 
must precede the predpitation of fibrin. 

Other workers (101) have favored cardiovascular factors ’“J 

portant in producing the clinical picture. Rudolph and his assoaates ( ) 
have shown that once the clinical picture is present these infants have an 
abnormal left-to-right shunt through the ductus arteriosus which may 
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aggravate the pulmonary congestion. The <luestlon that 

Xther the cardiovascular changes are the cause ot the disease mere y 

‘'“fkast consistent with the physiologic “L"wat la^gt 

iags of Barnard (27, 28). He has demonstrated that the he^^^ 3 y„ptoms 
in newborn infants with respiratory distres cv<?toIic murmur 

improved. In addition, there tvas an associated crescendo 
that suggested a left-to-right shunt, presurna y improvement 

riosus. A reduction in body temperature seem ^^nvprselv warming 

of the dyspnea and disappearance of the murmur an , ^ 

three iniants shortly after birth brought about ,,e 

raur. Barnard suggests that the eai-ly congestion and 

respiratory distress syndrome could represen p with vas- 

developing edema and the autopsy findings are asphyxia in the 

cular congestion. Thus, left-sided failure may. as a Un- 

perinatal period, lead to the symptoms only equivocal 

lortunately, treatment with digitalis has thus far p therapeutic 

results so that this hypothesis needs further physiologic and therap 

Lieberman & Kellogg (83) have found that membrane 

olytic activity in the lung tissues of infants dy g oathogcnesis of 

disease and have added one more hypothesis concer g in 

the hyaline membrane syndrome. These hecause of a deficiency 

certain cases fibrin precipitates may not be lyse vvaline membranes 
of normal tissue fibrinolytic factors; if this were so, eaually well be 

inight be explained. On the other hand, the this is suggested 

secondary to the presence of excessive amounts o fibrinolytic activity 
by other work (99) which has shown a decrease m seru gup/ive. 
in infants dying of respiratory distress, but not in t ose hyaline mem- 

in an attempt to learn more about the the obstetrical 

brane syndrome, Cohen, Weintraub&Lihenfeld (0 ; 'Phev found that if 

histories of 2001 premature and 24,108 full-term m , pj^centa praevia, 
there was no evidence of unusual uterine bleeding , j^t postmortem 

ior example), then the incidences of the hyaline vaginally were 

‘Or infants delivered by cesarean section and those intrauterine hemor- 
not significantly different. When there was ° jg times as great as 

^hoge, the incidence of hyaline membranes was hvalinc membrane 

^hen bleeding was not present. They postulated a ^l„ht in turn, lead to 
syndrome might result from maternal bleeding t “ , tend to con- 

Placental dysfunction and acute hypoxia. show'cd no rcla- 

firm the earlier work of Strang, Anderson & Platt U ^ ^j^nted cesarean 
hon between the hyaline membrane syndrome an important 

'action and concluded rather that fetal distress was o 
fo'hoEcnetie factors. . , j„t„ut<irine hrmorrluacc 

Snyder (106) has stressed the importiincc ol mini 
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back to the reports by Farber & Wilson in and (S3, 54, 120), in 

have been nroduced by exposure to Inch concentrations ol Oi lor B I 

riods ortir(2 to 4 Lys) (16). and by the Injeetion ° F 

trachea (19), but atelectasis, uhich is so prominent a part ol 

oceurrinc condition, lias not been consistently present, lloneser, e 

ol Alvirouri (6) de-erves mention because lie b.is been able J 

line membranes tiith injections ol plasma and 0 22 per cent CnC ■ dnecll) 

into the trachea ol rabbits. Apparently when this liiixiure 

with the thromboplastin contained in the lunc parenchyma, a do of tibi. 

is formed. Althouch this experimental technique obviously does n t 

the steps involved in the naturally occurring disease, nevertheless, it > 
provide a reprodudble method of studying the timccourse o the resorption 
of the membrnnes and provide a preparation which could be us^ 
various therapeutic regimens. Much like the process in | 

mental membrane thus produced is well developed in 12 hr. and beg 
recede toward the third or fourth day and has practically disappeared u> 


* ” he studios of Gitlin & Craig (58) In 1956 identified the hyaline material 
lining the alveolar ducts as fibrin, the source apparently being scrum irans^ 
dates into the air spaces. Their further work (3S) showed c. 

specimens that the membranes blocked the air passages. 

Rossdale (87) have reported that a disease which simulates the ^ 
membrane syndrome occurs in foals, particularly when the mare isattcn c . 
If further study confirms this, it will be of great interest (In spite of the 
that the horse is an espensive experimental animal) as it will be t ic 
Instance of this condition in animals. t, . t 

It has already been mentioned that Avery' & Mead (10) ha\e s own 
relationship between prematurity and the presence of high surface *®*|®*° 
forces demonstrated by the lung extract studies. Furthermore, they a% 
shown that infants dying of hyaline membrane disease, regard css o c 
gestational age (although most, of course, are premature infants), usu 
have lung extracts exhibiting higher surface tension forces than oes 
control material. They have postulated that this abnormality is at eas ^ 
of the important causative factors in the pathogenesis of the 
the hyaline membrane sy’ndrome. It has even seemed possible that t ^ 

in intrapulmonary pressure secondary to the high surface tension ° 
might in some way' account for part of the transudation of p asma w 
must precede the precipitation of fibrin. . 

Other workers (101) have favored cardiovascular factors as mos 
portant in producing the clinical picture, Rudolph and 
have shown that once the clinical picture is present these in ^'mav 
abnormal left-to-right shunt through the ductus arteriosus w tc 
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Treatment of Hyaline Membrane Syndrome 
A number of descriptions of the pulmonary and 

accompanying the hyaline membrane syndrome are a\ ai a e ( . ^ ’ 

110). The data indicating that the lungs are inelastic and “! nicture 

to work extraordinarily hard to breathe,^ coupled wit t e c ini 

of severe respiratory distress and progressive cyanosis an ^ na « 

failure, have led to attempts to aid these infants respiration, o .j. . i 

Celander (15) and Bucci (25), among others,^ have atterapte 
tracheal insufflation to tide infants over the period w en , jjn 

toms are most severe; the efficacy and practicality of sue pro 
need further evaluation. , . , , 

Approaching therapy from the point of the derange °° j ^ 
la respiratory and metabolic acidosis (71, 94) and a ten 
serum potassium], Reardon and associates (95) and Usher (113 11^ 
advocated the administration of saline or alkalinizing so u Jifflcult to 
glucose. Although the results of such attempts at found 

evaluate, it is at least interesting that the regimens are simil exoeri- 

by Dawes, Mott & Stafford (47) to be most useful in the treatmen P 

low environmental Oi tensions, and still others in the ^PP treatment, 
thermia to the prevention of neonatal existence (and 

Basing their regimens on the fact that Po, have suggested 

especially so in asphyxiated infants), SjSstedt & Booth ( ) produce 

that exposure even to the O* tension of room air might in ® 
pulmonary vascular congestion. In expenments in new 
authors (97) showed that the lungs weighed more w en 
airfor4 to 7 hr. than when they had breathed 15 the lungs 

period of time, and if the rats were in 50 per cent or I routine 

'^ere still heavier. They have tried a 15 per cent Oi a m infants 

prophylactic management for a number of * apparent damage 

J ^nods ranging from a few hours to five weeks w i ^ any 

nsk. However, there is as yet no evidence that newborn 

ue anjj certainly should be tried with great mu . newborn 

Infants who already have an O* deficit since hypoxia m dist 
‘ufants produces hypoventilation (74). 

The — ' • - 


produces hypoventilation (74). , (-^^55 and 

nse of low Oi tensions received (urthcr ~,„sumotlon. How- 


‘hc use of low Os tensions received further aitenL.o 
'h-aorkers (42) showed that such treatment reduced 0;“" P ,aund 
il .'s above, Hill (65) has shown raturc. Thus, 

e subject is maintained at the neutral envnronmc ,,nf,..iaxis or treat- 
present there is no evidence that hypoaia ;a,n.d an caperi- 

distressed infants is useful and it should be _ „,e„Ilrd con- 

P*'°ccdurc to be used only 


;“L„tr"stSrefnl.y controlled con. 
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!„ the development o( the hynUne 

in Table I. 

TABLE I* 

INFOMUTION CONCBRNISG UVAUHB MEMBBANn DlSBASE (34) 


Less common in IndU 

Cesarean section may predis- 
pose to disease 


fanta 

No hydropic infants and only 
some in congestive failure get 
the disease 

X-nymay be Initially dear.with 
progression to reticulogranu- 
iar pattern 

Symptoms begin at or soon after 
birth 


Not found In stillborn Infants of diabetic mothers pre- 

disposed 

More common the more prema- Recovery occura 
ture the Infant 

Death may occur in 45 min. to No residual lung or heart disease 
several days 

Sometimes occurs In full-term in- Tends to occur In siblings 


Pathologic 

Atelectasis always present 
Membranes located in proximal 
alveoli, overdistended alveolar 
ducts, and terminal bronchioles 
Contain fibrin 


Membrane is obstructive 
Fibrinogen from drcnlation and 
tbromboplastin from amnlotic 
fluid to form fibrin 
May be Ingested by macrophages 


EpIlhelUl cell injury 
Lung weight greater than ex- 


loehemlcal . i._.i««ated 

During illness, pK and Pco, tend Total body water increased Serum po ass 

to be low 

Lung tissue deficient In surface- Hyperbilirubinemia present 
active material 

Lung tissue deficient in profibrlnol- 

ywn • — 


Physiologic 

Respiratory rate Increased 

Compliance decreased 

Dead space Increased 
Woric of breathing Increased 


Tidal volume normal or slightly End 

decreased "*®*“'^* 

Functional residual volume de- 

Cardiomegaly 

Systemic and pulmonary hypo- 
tension 


Aorta-to-pulmonary shunt through 
ductus arteriosus 


• Reproduced, with pennlsslon, from “Advances in Pediatrics,” Volume XI, i960. The Y 
publishers, Inc. 
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approximately 2000 sera, and all of these additional patients “ 

have chronic pulmonary disease. Recently, an infant wrth chrome reap 

distress dating back to nronths of age was also found to hav mdk^« 
cipltins (36) and it appears that this test should be app le know the 

nnexplained serious respiratory disease. It is certarnly too ™ 

result of treatment of these persons with milk-free d.ets b'*' J Ynsuffi- 

possible that some cases of chronic bronchiectasis an resp 
dency may be prevented if properly diagnosed in ear y m ancy. 

Neonatal Pulmonary Infections ^ ^ 

A number of workers (5, 23, 82) have pointed out 
frequent cause of respiratory distress in the newborn in diacnosis is 

frequently complicates the hyaline membrane syn rome. 
difficult but should always be suspected particularly f f 
premature rupture of the membranes. Blanc (18) “^/Xenta and n,,™- 
Stressed the value of histological examination o ^ » aspiration 

branes in providing information about the possibii y P clarify the 

pneumonia. Eichenwald & Shinefield (52) have done 7*=^° ' 
means of spread of postnatal infecUons within a bacteria 

Eichenwald's demonstration of the symbiotic effec 

(51) has been an important contribution. » r.f mherculosis, a 

Since the advent of effective drugs for the f,'“di,ion. That 

certain casualness has developed in the prevention found 

tbis is indeed dangerous is shown by the report o t . tuberculosis, 

that of 41 infants born to mothers with suppose y H^j-fants who were 
20 became infected with the disease. Even in the group seven weeks 

separated at birth from their mothers for the use of 

to two years, eight developed tuberculous infections. patients. 

BCG vaccine should be seriously considered for such high nsk patient 

Summary 

Within this large field with its necessarily respiratorj- 

b|ochemical, physiological, and clinical information unifying factors 

abnormalities of newborn infants, one of the most impo i- j.„g number of 
has been the sense of need. Thus, the ' an ever-increasing 

Potentially preventable deaths in this age group as e , foregoing 

interest in fundamental research. It should be appare techniques arc 

fc'iew that considerable progress has been ma e an , 
available which may wxU allow- solution of many of P 
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boUc requirements altow evaluation ot its efficiency. It rvould 

quate studies are available vhicli above) that changes in 

appear from the experimental nmrk ot HdU6« see abo ; 
l\ody temperature ot norniM ne»tan i„...„ary. expert- 

consumption rather than reduce . suggest that in- 

ra“rr::cr”h:iyiotr“.:.»viro^ 

been suggested by the trork ot Craig, Fenton & GiUin (38) y 
& Kellogg (83). It has seemed possible that the addition o .eeurred 

stances might aid in the resolution ot the fibrin "'f’*’™'"' ip„g 

in tissue slices exposed to high concentrations of these ^h^tances 1 
periods ot time. Hoirever, the work ot Sherry '‘f’“ ntly 

L that ot Samarttls ei ol. (99) has shown that the preparations current y 
available are relatively impotent. 

The possibility that an antiatelectasis (actor can *’= 
lung tissue ot animals is being explored by Bondurant (20) an ^ 
prove to be useful in correcting the high surtace tension present in tne lu s 
of infants with the hyaline membrane syndrome. However, ““J" , 

needs to be done before such therapy can even be tried, much less ex 

Other Respiratory Problems 

Another type of respiratory disease in premature infants has JT 
ported by Wilson & Mikity (121). The principal clinical features o 
condldon were that it occurred in prematures in the first ° jHy 

had a gradual onset with hyperpnea and cyanosis. The chest 
overexpanded and wheezing and coughing were present, but no eye . 
chest x-ray presented a striking picture of coarse, reticular mb ra 
cystlike appearance. There was a tendency to develop cor pu death- 

cardiac and respiratory failure or superimposed infection as a infants 

Although thereisat present no known spedfic therapy, tw’oo t e \ e-ntal 

survived. Microscopic examination of lung tissue reveale ® ^ 

thickening and fibrosis in three cases. There may be multip e e o o 
tors produdng the picture described by these authors; certain y, 
obser\’ations are needed in order to understand the nature ° . gjder 

which appears similar to the Hamman-Rich syndrome esen e 
persons, and its treatment. . < 7 . c~ar« /63). 

Another interesting entity has been described by Heiner ' . 

These authors reported that three of 6S persons with chronic, se ’ 
pathic bronchiectasis have shown, in their sera, predpiUns agains 
additional three persons with such predpitins were pic 'e up 
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The massive volume of Bartels and co-workcrs (10) reviews comprehen- 
sively modern spirometr)*, ergometry, and all manner of blood and gas ana- 
lyses supported by many valuable tables, compilations, and diagrams. The 
exhaustive bibliography in the best German tradition does much to reorient 
ideas concerning priority. This volume, together with Instrumental Methods of 
Analysis (11), and the book on electrical instrumentation by Lion (12) 
should be of interest to all concerned with instrumentation. The Handbook 
of Respiration (13), an extenrive compilation of data, fills an important need 
and represents a very’ large amount of work by many. It tends to emphasize 
our lack of knowledge of certain normal values in man. 

The "Medical Progress" articles in the Hew England Journal of Medicine 
(14, 15) and in Progress in Cardiovascular Diseases (16), and the com- 
mentary on the American Medical Association Pulmonary Function Exhibit 
(17) are shorter recent reviews. 

Ventilatory Function Tests 

The fast vital capacity: I. Tinted tolumes.—-The shape and slope of the 
sptrographically or otherwise recorded fast vital capacity (V.C.) has re- 
ceived increasing attention following the introduction of the timed vital 
capacity ten years ago (18, 19). The shorter time intervals are the more sig- 
nificant for estimation of ventilatory capadt>'. The first one-second interval 
was chosen Independently in France and in this country (18, 19) but the ideal 
time is still under discussion: 0.5 (20), 0.75 (21), and even 2 sec. (22) have 
been recommended. Use of these time segments to calculate the "indirect 
maximal breathing capacity" stem from the repeatedly demonstrated close 
correlation between them and the maximal breathing capacity (IS, 19, 21, 
22). Tiffeneau (18) multiplied the one-second volume by 30 to obtain his 
C.P.U.E. while, at present, in France the preferred factor is 37.5 (23) and, 
in England, 40 (21). This reviewer fails to understand the justification for 
multiplying the results of one test by an arbitrary number and calling the 
new number by a different name, particularly one that implies performance 
of an entirefy different test which is affected by other variaWes- 

The conventional water spirometer for automatic electric recording of 
V. C. and timed volumes (19) has been modified for a belloo'S spirometer (24) 
with a stylus for recording of the expiratory’ slope (25, 26), and has been 
equipped with a calibrating device (27). 

The fast vital capacity: II. Selected segments. — The earliest portion of the 
recorded fast V. C. is encumbered by patient heritation and spirometer in- 
ertia; also, it may be misleadingly large because "trapping” does not occur 
instantly with the onset of forced expiration. Similarly, the flat, terminal, 
high-resistance phase is of little dinical importance. These considerations 
have led to elimination of the earliest and last portions from consideration. 
Gander & Comroe (28) calculated the mean expiratory* flow for that portion 
of the V. C. exhaled between 200 and 1200 ml. Mean v-alues for various age 
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and sex groups ranged between 3.4 and 11.8 l./sec. (29), and similar results 
were obtained for the volume exhaled from 280 to 12S0 ml. (30). Another 
method for eliminating the first and last phases of the V. C. is the maximal 
midexpiratory flow (MMF) proposed by Leuallen & Fowler (31), which has 
found considerable acceptance. It is the average flow rate during expiration 
of the middle 50 per cent of the V. C. and the time required for this maneuver 
is the midexpiratory time. Like other timed segments, it is readily calculated 
from a recorded fast V. C. provided a suitable low-resistance spirometer with 
a fast kymograph speed is used. A simple V. C. machine \rith a small kymo- 
graph records the “Expirogram” (32). 

Peak flow rate . — Renewed efforts are being made to measure the maximal 
flow rate. The "Puffraeter” of Goldsmith is, in essense, a pneumotachograph 
with the usual screen replaced by a cup-shaped, porous grinding wheel and 
the pressure transducer by a draft gauge (33, 34). Recorded "peak flows” 
averaging 293 l./min. for females and 368 l./min. for males are much lower 
than those recorded by conventional pneumotachography probably because 
it actually measures an average flow for a considerable time. The "peak” 
v'alue is indicated for only an instant and humidity increases the resistance of 
the prime, mover. 

Other small devices (or measuring maximal expiratory flow rate are the 
"pneumometer” of Hildebrant & Hanke (35) and the increasingly popular 
"peak flow meter" of Wright & McKerrow (36). The latter works much like a 
rotameter on the principle of a variable area orifice meter. A ratchet holds the 
pointer in position of maximum deflection %vhich is the highest mean flow 
maintained for about 10 msec. Values are quite comparable to those obtained 
by pneumotachography, that is, about 700 l./min. in young males (37). 

The viaximum breathing capacity {MBC ). — This test continues to be of 
considerable interest as evidenced by the many maneuvers proposed for its 
"indirect” measure (20 to 24). Unlike the single breath maneuvers, it appears 
to measure the integrity of the respiratory beflows as a whofc and is affected 
by such factors as respiratory muscle blood supply, fatigue, progressive trap- 
ping, etc. Because of this, the MBC, in its relation to ventilatory require- 
ment — the dyspnea index — correlates more closely with subjective dyspnea 
than docs any other test (38, 39). Also because of this there are always in- 
dividual exceptions to the good correlation between MBC and the various 
volunie/time segments of the forced V. C. (19, 22). Attempts to relate the 
percentage of the timed vital capacity to the MBC volume (40) indicate a 
misconception of these tests. Consideration of the MBC, together with the 
m.aximum expirator>' force (41) or esophageal pressure (42), allows for some 
definition of expiratory resistance. 

Shephard (43) has made an extensive study of factors affecting the MBC. 
His conclusions that results arc greatly affected by instrumental resistance, 
by variations in breathing rate, and by the learning effect, arc not borne out 
by other studies. Coles (44), Bartlett &Spccht (45), and Zwj and co-workers 
(46) found no marked effect on the MBC with added expiratory resistance. 
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The type of high-velocity valve used, and whether open or closed circuit Is 
employed, also appears to affect the MBC very little (46, 47). Choice of 
respiratory frequency within a wide range of 60 to 120 cycles per minute also 
does not significantly affect the outcome of the MBC as shown again by 
Ogilvie and his colleagues (42) and MiUc-Emili & Petit (48) who, inddent- 
ally, also calculated the work of breathing during MBC. The spontaneously 
chosen respiratory rate leads to the largest MBC volume; and severest 
exercise ventilation, in their experience, never exceeded the MBC. The 
“learning effect," which we found to cause increments of 8 per cent between 
first and second tries In 1000 patients (49), was recently recorded as 7.5 per 
cent by Friend (50) who also found no significant variation in further tests 
made on the same day or in subsequent weeks and months. 

The small "Ventube" of Warring & Siemsen (51) is a calibrated Venturi 
tube which, used in conjunction with a small rubber balloon, syringe, and 
calibration chart, can be used for MBC determinations with results compar- 
ing well with other techniques. A new valve for hyperventilation, designed by 
McKerrow & Otis (52), has one-haU the resistance of the conventional 
Rudolph valve, Wright & Gilford (53) have designed an ingenious Krogh 
spirometer which permits direct read-out of MBC, timed V. C., various lung 
volumes, and distribution factors. 

The old controversy between Krogh and Knipping concerning the ideal 
design of spirometers, renewed some time ago in England by Mendel and 
D’Silva, has now been taken up in this country by Wells and his co-workers 
(54). Their new spirometer has a tight plastic bell and is used without pulley 
or counterweight. 

For the first time, quantitative evaluation of the "match test” has been 
attempted. This maneuver works quite well if the patient holds the mouth 
wide open while blowing (55) and if the distance between mouth and match 
is controlled (56). 

Residual volume . — The functional residual capacity (FRC) is being meas- 
ured more commonly by helium rebreathing, particularly since the easier 
helium-in-air method gives the same results as the old heUum-in-oxygen 
technique (57). Oxygen addition only at the end of the procedure sacrifices 
the distribution index but simplifies the test (17, 58). Some find that the 
helium results deviate no more than 5 per cent from the nitrogen washout 
technique (59). Birath & Swenson have published a nomographic solution for 
the FRC calculation (60) and have measured the small quantity of helium 
taken up by the blood (61). 

The gas pressure method for determination of the FRC has been revived. 
The older altitude chamber and explosive decompression have been replaced 
by a body plethysmograph, a small rigid chamber of constant TOlume (62). 

As the subject within the box breathes against an obstruction the gas is ex- 
panded or compressed within the thorax and pressure changes are plotted 
agmnst ainvTiy pressure; from this relatlooship the volume of gas in the 
thorax can be calculated. In normal subjects, results are quite comparable to 
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those obtained by the nitrogen Avashout technique (63). As expected, in pa- 
tients with trapped gas in the thorax (pneumothorax, cysts, or emphysema) 
the plethysmographic value is larger than the washout volume because the 
latter measures only communicating airspaces (64). This method, and other 
uses of the body plethysmograph, such as measurement of pulmonary capil- 
lary blood flow, airway resistance, and mechanical properties of the lungs 
and thorax, have been reviewed by DuBois (65). A constant-pressure, vari- 
able-volume plethysmograph has been described by Mead (66). 

Nomenclature and normal values. — The “Pappenheimer Nomenclature” 
for lung volume compartments and respiratory symbols has found inter- 
national acceptance (67). A new terminology suggested by the British 
Thoracic Society (68) for the many derivatives of the forced V. C. may help 
to clarify the methods used in published material but its comple.vity is not 
likely to help clinicians. 

Normal values for ventilatory tests have been quoted up to date in the 
Handbook (13). A nomogram for prediction of V. C. for ages 17 to 80 has 
been constructed by Miller and co-workers (20) V. C. and timed V. C. in men 
over 40 has been recorded (69), and the close relationship between lung 
volumes and the third power of height has been reaffirmed (70). Lung 
volumes at an altitude of 5760 ft. were the same as at sea level, and MBC 
as well as ventilatory requirements were higher, and o.xygen saturation 
lower (71). Results were comparable to Anderson’s recorded at Denver, and 
those of Cotes (44). As everyone knows, prediction of MBC based on body 
surface area is not applicable in obese subjects (72). 

Mechanics or Breathing 

The large number of studies dealing with this subject published during 
the last five years includes a few short teaching reviews (15, 73) and excellent 
introductory chapters in books (5, 8, 10). An extensive review by Mead will 
appear shortly (74). Only a few recent developments can be touched upon 
here. 

Simultaneous determinations of volume, rate of flow, and esophageal 
pressure have led to recent obscrs'ations that have bearing on interpretation 
of some published results: (o) the vagaries of pleural and esophageal pressure 
measurement, (6) the mechanical factors in the distribution of pulmonaiy 
ventilation which nia 5 ' result in frequency dependence of compliance, and 
(c) the relationship of air>vay resistance to lung volume. 

Intrapleural and inlraesophageal pressure. — Buytendijk's demonstration 
that intraesophageal pressure can be used as a measure of intrapleural pres- 
sure has been exploited extensively most often in man and in the upright 
position. Comparison of the two pressures, however, has been made mostly in 
animals and in the supine position. Recent obserx-ations suggest caution in 
interpretation of both local intrapicura! and intraesophageal pressures. 
First, earlier findings of Wiggers and his co-workers have been confirmed: 
the pleural pressure itself may differ 3 to 8 cm. in lateral and medial spaces 
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(75) and may be quite different at the apex and at the base (76). Secondly, 
esophageal and pleural pressures in man correspond closely in the upright 
position, but In the supine the esophageal pressure may differ from +60 to 
—25 per cent, and has an average greater amplitude of +27 per cent (77, 
78), apparently because of the added weight of the mediastinal contents 
upon the esophagus. These Inconsistencies var>' with lung volume because of 
the action of the diaphragm upon the heart. With unilateral pleuropulmo- 
narj' disease elTects of positional changes are more marked on pleural than on 
esophageal pressures (79). Flow-resistive pressures correspond more closely 
than do elastic components of pressure; and in the supine position the com- 
pliance calculated from esophageal pressures may be falsely low (78). 
Studies of postural shifts in esophageal pressure and of pressure-volume 
curves in different positions have led to the same conclusions (80, 81). The 
problems of intraesophageal pressure measurements are illustrated by the 
often quoted finding of Bondurant and co-workers (82) that induced pulmo- 
nary congestion causes a decrease in compliance of SO per cent. Esophageal 
pressure artefacts were largely responsible for this observation because the 
*‘G suit” used for production of central congestion distended the heart and 
great veins, thus causing high esophageal end-expiratory pressures much as 
in the supine position (&3). Further, the suit shifted the pulmonary mfdposl* 
tion in the expiratory direction by as much as a liter, thus reducing compli- 
ance by closure of air spaces (84, 85, 86). 

Long (10 to IS cm.) balloons are superior to short ones and air-filled sys- 
tems lead to fewer artefacts than do those filled with water (87, 88). ^fethods 
for making balloons have been described (87, 89) and rinyl material has been 
recommended (90). 

Mechanical JactoTs in the distribution oj pulmonary ventilation. — In normal 
subjects, the measured compliance remains essentially independent of fre- 
quency of breathing providing the level of the pulmonary midposition Is care- 
fully ojntrolled. Mead and co-workers (91) observed that in emphysema com- 
pliance is larger than normal during airflow interruption, normal during 
quiet breathing, and as low as cne-fifth of normal during rapid breatfalng- 
These findings, since confirmed (92, 92), suggest that patients with ohsCnrc- 
tive disease breathe with "different” lungs at different rates of breathing. 
TJiese observations, experiments with lung models, and human broncho- 
spirometric studies (94) prompted Otis and his colleagues (95) to make a 
theoretical analysis of the effects of local differences in mechanical properties 
on the distribution of ventilation within the lungs and on the lungs’ overall 
mechanical behavior. Distribution of ventilation can be uninfluenced by 
changes in breathing frequency only if the time constants of separate path- 
ways are the same. In a population of pathways, the mechanical properties of 
^v hicb are dissimilar but invariant with frequency, the behavior of the overall 
system must vary wnth the frequency of breathing even though the funda- 
mental properties of each oimponent remain unchanged. Experimentally, in 
normal adults, compliance can be made to drop with increasing frequency by 
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histamine; and, conversely, in asthmatics the frequency dependence of com- 
pliance may disappear by the administration of adrenalin (95). 

Lung volume and airway resistance . — Related studies are extensions of ob- 
servations of VonNeergard & Wirz, of Dayman, of Mead & Whittenberger, 
and of Fry and co-workers that ainvayresistance can be decreased by breath- 
ing with a voluntarily raised FRC., and becomes much greater than normal 
during lowering of the FRC. These alterations are said to be attributed to 
lateral forces, or “lung tension,” acting upon the tracheobronchial tree. 
Campbell, Martin & Riley (96) remarked on the fact that expiratory forces 
acting on the alveolus must also bear externally on the relatively compres- 
sible air passages. During expiration the intraluminal pressure distal to the 
alveoli may therefore be less than the extralumina! pressure, thus tending to 
increase airway resistance. Thus, there is an intrathoracic pressure at a given 
lung volume which, if exceeded, does not result in a further increment of 
flow rates, the “maximum effective pressure”; the corresponding “maximum 
flow rate" is very high in normal subjects and severely reduced in obstructive 
disease. A variable resistance expiratory valve, mimicking these pressure- 
flow relationships, was constructed by Jones et ol, to study the effect of vari- 
ous resuscitators (97). 

Hyatt, Schildcr & Fry (98) give further details of the functional relation- 
ship between transpulmonary pressure, respiratory gas flow, and degree of 
lung inflation in a series of sophisticated theoretical, mechanical, and ex- 
perimental analyses (99). They find the relationship between maximal ex- 
piratory flow and degree of inflation primarily determined by the physical 
properties of the lower airw'ays during the latter one-half of the V. C. (98, 
100). Cheng and his co-workers, using a different technical approach, arrived 
at similar conclusions (101). 

Airflow resistance . — This can be measured only if the rate of flow and the 
pressure drop from alveoli to mouth arc known. For the problematical meas- 
ure o/ aiveoiar pressure, Von Ncergard & \Virz first suggested pressure re- 
cording at the mouth during brief periods of ainvay interruption. This pres- 
sure was thought to represent the pressure di/Terence that existed between 
mouth and alveoli just prior to interruption. This assumption, further ex- 
tended by Vuillcumier and by Otis & Proctor, was first questioned by Mead 
& Whittenberger (102) who found that interrupter ainvay resistance re- 
sulted in the same, or slightly larger, values than total (airway plus tissue) 
resistance measured by the pleural pressure method. They concluded that 
either there is no pressure equilibration during interruption, presumably be- 
cause of continued activity of rcspiraiorj' muscles and chest wall inertia, or 
tissue resistance must be non-existent. We now know that tissue resistance is 
not negligible (103, 104) yet the value of the interruption method is still not 
clarified. Clements et at. (105) improved upon an earlier interruption tech- 
nique (106) for field testing of pulmonary' resistance. Exhalation is made 
through a calibrated resistance with brief interruptions of air flow ten times a 
second. Airway resistance is calculated from (he known resistance and the 
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aJnt'ay pressure at raonients of intemipUon. Some have obtained quite ir- 
regular results with this ^’aIve (15) while others have apparently used it suc- 
cessfully for study of the relationship between pulmonary resistance and the 
state of lung inflation (101, 107). 

Other recently developed methods for measuring airway resistance such 
as the body plethysmograph (<5S, <56, 1<M, lOS), and indirect calculation from 
expiratory pressureand ventilatory data (31, 41, 42) have been mentioned. 

Tissue viscous resistance , — The total pulmonary resistance is composed of 
the resistance offered by the airways to gas flow plus the resistance caused by 
the frictional loss involved in mo\'ing lung tissue; both are measured together 
by recording of (esophageal) pressure and flow rate. Two recent methods 
have separated these two components. Mcllroy and colleagues (103) mea- 
sured the total resistance during breathing of gas mixtures of different phj’s- 
ical properries which altered the airway resistance but not the tissue resist- 
ance. They calculated that during quiet breathing, 30 to 40 per cent of the 
total lung resistance results from tissue \nscous resistance. Alternatively, 
the tissue wcous resistance can be calculated by subtracting from the total 
lung resistance determined by conventional methods the airway resistance 
alone measured by a different technique, for nhlch Marshall & DuBois (104) 
chose the body plethysmograph. By this method it appeared that, in normal 
subjects, tissue viscous resistance constitutes only 10 to 30 per cent of the 
total pulmonary resistance. In some pulmonary diseases, a moderate in- 
crease in tissue resistance was found (109). 

Compliance ej the Mcro*.— This can be calculated by subtracting lung 
compliance from the compliance of lungs and thorax obtained together. The 
latter has been estimated in the living only by pressure measurements at the 
mouth during voluntary relaxation against a closed aiiway. The suspicion 
that complete respiratory muscular relaxation cannot be achieved even by 
trained subjects appears to have been confirmed by Nims and co-workers 
(110) who found in anesthetized, paralyzed subjects a lower thoracic compli- 
ance than in the conscious state. Howell & Peckett (111) thought this was 
attributable to anesthesia because they found a decrease of compliance of 30 
per cent which could not he confirmed by Foster, Heaf & Semple (112). At 
any rate, the findings of Rahn and co-workers that compliance of the lungs 
and of thorax are approximately equal has now been confirmed (112, 113). 

Inertance . — Rohrer calculated, on the basis of anatomic data, that in- 
ertial forces are unimportant in the work of breathing. Recent work by 
Mead (114) and by DuBois et cl. (IIS, ll<5) confirmed that this "inertance” 
is indeed ver>’ small when compared to resistance and elastance. Measure- 
ments at increased ambient pressures further suggested that most of the in- 
ertance is in the air stream (1 14). 

Surface tension . — Hysteresis is the beha\ior of a mechanical system in 
%hich the results of an applied force lags the force itself. Since the \X)lurae 
changes of the lung lag the transpulmonary pressure changes which prodace 
them, the lungs may be said to manifest hj-steresis. Surface tension pheaom- 
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ena appear to be responsible for much of the lungs’ hysteresis (117). Prelimi- 
nary studies of material derived from the lung suggest that a low surface ten- 
sion is an important attribute of the lining of the air passages (118, 119, 120). 
It has been suggested that alveolar structures are maintained in a balance be- 
tween collapse and overdistention not only by tissue elements, but also by 
uniquely variable surface-active materials lining the alveolar walls. It may 
even be that certain pulmonary diseases may be caused initially by an excess 
(emphysema) or a deficiency (respiratory distress of the newborn) of this ma- 
terial, with visible cellular manifestations occurring only later (121). For ex- 
ample, lung extracts of small premature infants and those dying of hyaline 
membrane disease appeared to lack surface-active material (122). 

From this it seems clear why, during several recent conferences on respira- 
tory physiology, much time was devoted to the influence of surface tension on 
the stability of the air spaces (121, 123). Elementary considerations have 
been briefly reviewed by Mead (124), and Clements and his colleagues (125) 
have attempted to explain the dependence of the static pressure-volume 
characteristics on internal surface forces. Radford (126) concluded his excel- 
lent review on this subject: "The ‘elastic* properties of the lungs depend 
largely on the true elastic elements and on surface forces. The interplay be- 
tween surface and elastic properties of the lungs gives rise to highly compli- 
cated pressure-volume curves which show marked time-independent hystere- 
sis, the magnitude of which depends on experimental conditions. Because of 
the complex anatomical arrangement of the elastic elements of the lung and 
the importance of surface tension, characterization of lung statics remains 
largely In the descriptive stage.” 

Normal values . — Reports of normal values for pulmonary' compliance and 
resistance (127 to 131) are difficult to compare because of variable body posi- 
tion, methodology, and apparatus response (132), and the imprecision of all 
methods. Interpretation of findings in pulmonary disease relative to these 
ttccmal standards is not always cfear because of the added variables of 
altered lung volume and breathing frequencies. 

Exchange of Gases Between Alveolar Air and Pulmonary Blood 

Diffusing capacity for oxygen . — ^The diffusing capacity of the lungs is de- 
fined as the amount of gas which crosses the membrane per unit of time, 
divided by the pressure difference of that gas across the membrane. In the 
case of oxygen the diffused quantity of gas is readily ascertained and a meas- 
ure of the mean alveolar oxygen tension can be obtained at least In normal 
subjects. For estimating the mean capillar}’ o.T}*gen tension we must know 
not only the alveolar oxygen tension, the shape of the oxygen dissociation 
cur\'e and the mixed venous oxygen tension but also the cnd*capiUar>’ oxygen 
tension. Since there is no way of sampling cnd-capillary blood it was not 
until Lilienthal & Riley developed their brilliant method for indirect calcula- 
tion of this pressure that diffusing capacity for oxygen could be estimated. 
Mucli fascinating and imaginative work has been accomplished with this 
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technique, but it is difficult, presents many theoretical, clinical, and analj-tl* 
cal problems, and is not applicable unless certain experimental conditions are 
rigorously adhered to. The most critical measurement, the alveolar-to-end- 
capillary oxygen tension difference, has in normal subjects at rest an error 
as great as the value itself. This limits the usefulness of this technique to 
exercise conditions or to parients with abnormally large alveolar-arterial 
(A-a) oxj'gen tension differences. Furthermore, the necessary* low ox>’gen 
breathing Introduces uncertainties because it is not known whether venous 
admixture and diffusing capacit}' remain unchanged, and cardiac output and 
uptake often do change. Recently, the oxj'gen method has been of 
interest chiefly in relation to the mtximal diffusing capacity, limitations upon 
exercise imposed by the diffusing capacity and comparisons with the carbon 
monoxide techniques (133 to 136). 

Several of the theoretical problems, many of the technical difficulties, and 
the tedious trial and error calculations of the Or technique would be obiiated 
if measurements of the A-a Oj difference could be made at an alveolar Oi ten- 
sion high enough that the membrane component xvould become negligible. 
Present bubble equilibration techniques are not suitable for measurement of 
oxj'gen tensions much above 100 mm. Hg, but newly developed electro- 
chemical methods may be and have been used in this connection (137 to 
141). Ads-ances in ox^'gen polarogtaphy may permit measurement of orj'gen 
tensions in whole blood during oxygen breathing and may greatly facilitate 
an approach which was first pursued so laboriously by Berggren 20 years ago. 

Diffusing capacity for carbon monoxide.— Tht vast amount of recent work 
concerned with diffusing capacity has been stimulated largely by rerival of 
the carbon monoxide (CO) techniques prompted by publications of Forster 
el al. (142), Filley and his colleagues (143), and perhaps Kruhjfffer (144). The 
use of CO offers an advantage in that its affinity for hemoglobin is so great 
that end-capillary CO tension has been considered negligible. Development 
of a simple, prease, and specific method for CO analysis by non-dispersion 
infrared spectrtwcopy has permitted experimentation on a scale unthinkable 
for Bohr or the Kroghs, and has provided a new clinical tool for functional 
eN'aluation of lungs. Tests and measurements have become technically 
simple, yet, as more experience is gained, interpretation of results has be- 
come more difficult and the meaning of “diffusing capadty” is now being 
closely re-examined. 

Rne introductions to this subject are now available (5, 10, 145) and 
Forster (146) has written an excellent review which is pleasant reading even 
for the uninitiated. 

Two of the most interesting aspects of diffusing capacity which until now 
have not been e^'a!uated quantitatively are the separate contributions to 
total diffusion resistance offered by the “meinbrane” itself and by intra- 
capillary resistanres, and the efforts of uneven ventilation and perfusion on 
the measured diffusing C3p3dt>’. 

Exchange across lie membrane and diffusion and chemical comlinalion 
mthin the Houghton & Forster and their colleagues have opened a 
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new era by showing that it is possible to separate resistance to diffusion of 
gases across the Jung into a membrane and a blood component (147 to 150). 
Basing their studies, In part, upon earlier w'ork of Roughton they demon- 
strated that the rate at which the hemoglobin in the red cell takes up CO to 
form carboxyhemoglobin (COHb) is so slow that this reaction speed may 
limit gas exchange. Carbon monoxide diffuses across the membrane into 
plasma where its tension increases until it can diffuse into the red cell at the 
same rate as it enters the plasma. They find that, when breathing 2 1 per cent 
Oj, the tension of CO in the plasma is about one-half of its pressure in the 
alveolar gas. Thus, the resistance to gas movement across the membrane is 
about equal to the "intracapillary" resistance to the entrance of gas into red 
cells. The diffusing capacity of the lung, Dl, has then two components; the 
diffusing capacity of the membrane, Dm» and the rate at which the pulmo- 
nary capillary blood can take up CO. The latter depends upon the pulmonary 
capillary blood volume, Vc, and the velocity with which blood can form 
COHb. Vc and Dm can be calculated by measurement of at different 
alveolar oxygen tensions (ISO). 

A similar analysis for the diffusion of O 2 has been presented by Mochi- 
zuki & Fukuoka (151) in which they conclude that membrance resistance is 
only one-fourth that of red cell resistance; they are supported in this by 
Lewis eta/. (152). 

The mechanisms whereby disease may produce a predominant change in 
theintracapillary resistance to diffusion have been discussed by Forster (146). 
In norma! subjects, McNeill and his co-workers (153) found average values 
of 97 ml. for Vc and 64 ml./min,/mm. Hg for Dii. The important contribu- 
tions of chemical reaction rate or pulmonary capillarj’ blood volume, or both 
on Dl are now under investigation. Anemia causes a reduction of Dx. while 
polycythemia increases it (151, 154). Patients with cardiac septal defects 
without pulmonary hypertension have an abnormally large Dj. (155, 156), 
which appears to be caused entirelyby an increase of Vc (123, 153). In pulmo- 
nary fibrosis, Dji is much more reduced than is Vc (153, 157). The finding of 
normal Vc in severe emphysema (153) obviously will require confirmation. 

Effects of iton-uniformily of lung on estimation of diffusing capacity. — In- 
creasing technical precision of measurements of diffusing capacity and other 
physiologic variables no longer permits ignoring the fact that the Dl expres- 
sion may be incorrect in the presence of lung non-uniformity (38, 142). The 
four primar>’ variables that may affect estimates of Dl arc alveolar volume, 
alveolar ventilation, pulmonary blood flow, and Dt- Which of the six possible 
ratios of these variables in individual alveoli may affect Dl has been tabu- 
lated by Forster (146). In emphysema, for example, the vcntilation/pcrfu- 
sion ratios may be as high as 2.24 in well-ventilated alveoli and as low as 
0.23 in poorly ventilated alveoli, with corresponding end-capillary oxygen 
saturations of 97.5 and 76 per cent. From such data, Briscoe etch (158) con- 
clude that inhomogeneity of this severity invalidates Dl calculations based 
upon any single mean alveolar Oj or CO tension, and alveolar ventilation 
based on equating alveolar Pcoj with arterial Pco,. Because of this some in- 



396 


GAENSLER 


vestigators have not performed measurements of Dl in patients who showed 
any evidence of airway obstruction or measurable unevenness of pulmonary 
ventilation (159, 160). Yet, others have studied emphysema patients by 
various Dl measurements (161, 162, 163) and have even drawn deductions 
concerning pathogenesis (164) or attached prognostic significance to the out- 
come of the tests (165). It is becoming increasingly apparent that end-tidal 
sampling techniques measure the combined effect of poor diffusion and un- 
equal ventilation (145, 146, 166), and that all methods of Dl measurement, 
in the presence of markedly non-uniform lung, are not suitable for measuring 
the condition of the pulmonary capillarj* bed, its area, its thickness, or its 
hemoglobin content, that is, the potential to exchange gas. Perhaps these 
measurements do give an indication of whether or not the useful diffusion 
properties of the lung are altered. 1 believe that in this latter connection the 
term "diffusing capadty" is misleading. 

Comparison oj different methods for ecalualion of diffusing capacity.— 
Three CO techniques have found wide acceptance: (a) the modification of the 
single-breath technique proposed by Forster and co-workers (142) in which 
initial alveolar Pco is calculated from helium dilution; (5) the physiologic 
dead-space, steady-state modification of FiUey and his colleagues (143) in 
which alveolar Pco is calculated from the Bohr equation assuming equality 
for arterial and alveolar Pco,; and (c) the end-tidal sampling steady-state 
modification of Bates and his co-workers (167) in which alveolar Pco is meas- 
ured directly. 

A number of comparisons of these methods have now been made in nor- 
mal subjects and in patients with pulmonary disease (143, 160, 161, 166 to 
170). The values for the CO steady-state techniques agree fairly closely with 
chose obtained by the Oj method when correction is made for the theoretical 
relation of Dmo*=1-23XDsico as suggested by Krogh. Whether this relation- 
ship actually holds for Dto, and Di^ has been questioned in view of the pos- 
sibly differing rates of combination of CO and O* with intracellular hemo- 
globin (146, 147,148, 161). 

The single-breath value is nearly twice as large as that obtained by the 
steady-state methods; the single dissenting finding (169) appears to have 
been caused by laboratory error (171). M. Krogh first found that the single- 
breath Dl decreases as the volume at which the breath is held is reduced. Al- 
though Forster and his collaborators have not been able to confirm this (146, 
168, 172), others have found a consistent diminution of Dl with lung volume 
(160, 166, 170, 173). Hence, in normal subjects the difference between steady- 
state and single-breath Dl may be caused by differences in lung volume at 
which the tests are made, but differences in "back pressure" and capillar}' 
blood volume cannot be excluded (174). The difference between the two tests 
is greater in patients with impaired diffusing capacity (160) and greatest in 
emphysema (145, 166). A nearly linear relationship between the ratio, single- 
breath Di/steady-state Dl, and the degree of unevenness of inirapulmonary 
distribution of gas can be demonstrated (174), 
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Simplifications of the various methods have been suggested, among them 
portable, box-bag apparatus for field testing of Dl (175), and modification 
of Kruhdffer’s rebreathing method (144). The factors affecting the rate of CO 
uptake have been of interest for many years. Recently, a number of climaans 
have been fairly satisfied with the diagnostic and prognostic value of CO ui> 
take itself in that, under certain conditions, this value correlates ve^ well 
with measures of diffusing capacity; corrections of this "fraction of CO re- 
moved" have been suggested for physiologic dead-space or minute ventila- 
tion (143, 160, 161, 163, 169, 176, 177). .... . 

The effect upon diffusing capacity of exercise, hypermiUlalwn, tiicrrasrf 
pulmonary blood flow, and increased pulmonary capillary blood volume. 1 he 
long established finding that Dl increases during exercise has been amply 
confirmed in normal subjects and, with one exception ''’I, 

pulmonary disease (133 to 136, 140, 142, 143, 156, 159, 160, 173, 178, 179). 
The factors responsible for this increase are not clear. However, under physio- 
logic circumstances their interplay is so complicated as to 
very difficult! ventilation, pulmonary blood flow, and possibly pulmonary 
capillary blood volume, all increase during exerose. Interestingly, during 
voluntary hyperventilation Dl increases as much or more than durin^g exer- 
cise that elicits comparable ventilation (156, 180, 181). On t e ot ler , 
blood flow is increased (by drugs) or decreased (by unilateral occlusion of OM 
pulmonary artery) there appears to be no effect on the diffusing capaciW 
(180, 181), Furthermore, in excised lungs Dp is not affected by changes of 
blood flow as long as the mean intravascular pressure remains constant (18 1. 

When intravascular pressure is allowed to rise by raising the left at 
pressure while keeping blood flow constant, or by increasing blood flow hi^ 
keeping left atrial outflow level, Dl does increase. From thjs Rosenberg & 
Forster (182) concluded that the pressure across the walls of the blood vessels 
is a primary factor in controlling the sire of the capillary bed as ineasured by 
Dp. Other experiments leading to a change ol pulmonary capillary bio 
volume appear to support this conclusion. Although Lewis an os co 
rators (183) found no change in Dp upon inflation of a G suit. P™°hh'y - 

cause of altered lung volume and closure of certain air spikes ( , ’ | 

Ross and co-workers (184) found a significant increase m 
venous pressure was increased under controlled conditions, a sa \ 
vers tend to decrease Dl while MUllcr maneuvers ten to increase ’ 

184). Indeed, the Muller-likc maneuver Immediately J 

holding test may be responsible, in part, for the larger va ue o l 
by this method (174). Negative intra-alvcolar pressure wuses a marked in- 
crease of Dl and Vb but not of Dm (185). Johnson of. ( • ) ^ 

that during exercise Dl, Dm. and Vc are closely rented to “P*'" 

lary blood flow, xuBgcoting that both volume and effective = 

pulmonary capillary bed change wth ixirrcsponding dircc lona 

'''° Yermof rnliiej.— Values tor the siugle-bieath and the alveolar sampling 
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methods have been published (172, 186, 187); there are few normal data for 
the physiologic dead-space method because of the required arterial blood 
(143, 159, 160). The prediction formula (or “maximal oxygen Dt" (136) ap- 
pears to be applicable to severe exercise steady-state CO. Diffusing capacity 
of the lung is related to body surface area, sex, and age (136, 167, 172, 186, 
187, 188). 

Analytical Methods 

Physical methods of gas and blood analysts are rapidly repladng chemical 
methods. The principles upon which these analyses are based are not new. 
The recent effective utilization of these principles has been made possible 
largely by improved sensing devices such as photomultipliers, thermistors, 
and condenser-membranes, and by advances in electronics such as scanning 
drcuits and highly stable power supplies and amplifiers. 

Many times physical analyzers are Installed in the spirit of automation 
with the hope of saving personnel, time, and money. Often these hopes are 
not realized because the equipment is expensive to purchase, install, and 
maintain and because elaborate calibration by biochemical methods is often 
required. However, a brief discussion of the nen-est methods appears justified 
because their capabilities particularly in regard to speed of response, con- 
tinuous analysis, and freedom from interference have made possible new ob- 
8er^’ation8 that have increased our understanding of normal and abnormal 
respiratory physiology'. Established examples are the infrared and Hopcalite 
CO meters which have stimulated great ad%-ances in our understanding of 
diffusing capacity; or the glow discharge nitrogen meter which has altered 
our thinking concerning intrapulmonary distribution of gas, and has made 
possible simple determination of the anatomic dead-space. Mass spectrom- 
etry, infrared spectroscopy and partition chromatography for gas analysis, 
polarography for whole blood analysis, and the use of ra^'oactive gas isotopes 
aiH be reviewed, together with some observations that w’ould not have been 
possible without them. 

ifass speclrametry. — Fatilconer, in his introduction to blood gas analysis, 
said that “with some 'poetic license’ the mass spectrometer might be de- 
scribed as a physical instrument capable of sorting and counting molecules in 
a sample from complex mixtures of gases'* (189). The molecules of the sample 
are ionized at low pressure by a beam of electrons and the ions are deflected 
in a circular path by a magnetic field; the stream of particles splits into beams 
of different molecular weight, any one of which can be detected by a suitably 
placed collector; a moving collector produces a “mass spectrum.*' First men- 
tion of this method for respiratory gas analysis was made fay Hitchcock & 
Stacy (190) who showed that during expiration alveolar gas concentrations 
change continuously. Technical details of mass spectrometers have been de- 
scribed by Sin (191) and by Ntcr (192) who designed the machine described 
by Faulconer (189), and who worked with Miller and others (193) on respira- 
tory’ COi analyris during anesthesia. A commercial mass spectrometer at the 
University of Pennsylvania has been used by Comroe, Bartels, DuBois. 
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Forster and others for monitoring of respiratory and a variety of tracer gases 
(142, 150, 157, 172, 194, etc.). 

Theoretically, the mass spectrometer is capable of analyzing any gas, re- 
gardless of the composition of diluting gases, with a speed, specificity, sen- 
sitivity, and accuracy unmatched by any other known method of analysis. 
However, the large size, the need for water cooling of the diffusion pump, 
liquid nitrogen cooling of the vapor-trap, and other problems of continuous 
high- vacuum operation, and the great expense of such instruments has pre- 
cluded their more widespread use; even when available, the continued super- 
vision and maintenance problems have been disheartening. Two attempts in 
this country to produce commercial, small, portable, relatively inexpensive 
mass spectrometers have failed largely because the required short-cuts de- 
prived the instruments of their stability and quantitative analytical capabil- 
ities. 

Recently, Fowler & Hugh-Jones (195) described a mass spectrometer 
specifically designed for respiratory work. Like previous devices, it requires 
only IS ml./min, for analysis, has a response time of 0.1 sec. for 95 per cent 
deflection with an overall accuracy of 3 per cent. In addition, it can analyze 
simultaneously and continuously four gases by electronic scanning of the 
available spectrum 25 times per second; it presents analyses on an oscillo- 
scope, by meter deflection, and on a direct writing recorder; and water and 
liquid air cooling is dispensed with. West el ol. have made extensive use of 
this instrument for instantaneous measurements of respiratory exchange 
ratio and ventilation-perfusion inequalities (1P6) and for endobronchial gas 
tension and flow analysis (197). From experimental observations in dogs 
(198) they were able to study In man characteristic patterns of local changes 
in Oj, COj, and introduced argon from which they recognized partial 
bronchial obstruction or arterial obstruction, or both, in different lobes and 
segments (199). Endobronchial flow rate and pendulum movement of air was 
measured from intensity of deflection of an argon stream introduced across a 
fine gap of an instrument within the bronchus (200). 

Infrared gas analysis. — Non-dispcrsion, infrared spectroscopy can be used 
for detection of gases with polyatomic molecules including CO, COj, HjO 
vapor, NjO, and organic anesthetic gases. Description of the principle has 
been ascribed to Luft (201) and has been reviewed by Carlson (202). This 
method has found wide acceptance because instruments are unusually stable, 
reliable, trouble-free and relatively small and inexpensive. 

Great sensitivity can be achieved with large analysis chambers and 
greater than atmospheric sampling pressure. The carbon monoxide meter re-, 
ferred to previously is sensitive to 1 p.p.m. and has been used for nearly all 
recent work on Di^ (142, 150, 154 to 157, 159 to 177, etc.). In addition, new 
methods have been developed for carboxyhemoglobin anali'sis for which the 
blood is decomposed, all gas extracted by vacuum, and its CO concentration 
measured with the meter (203, 204); the lungscanalso be used as a tonometer 
with calculation of COHb from equilibrated alveolar gas (205, 206, 207). 

If sensitivity is not required, the analysis chamber can be made extremely 
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small and thus a vet)* rapid response can be achieved which enables con- 
tinuous analysis of expired carbon dioxide with a speed that approaches that 
of the mass spectrometer. A ^'aricty of methods for alv'colar Pcoi analj-sis 
were described in detail by Collier and co-workers (208) and critically evalu- 
ated by Cara (209). The experimental and clinical importance of this appli- 
cation can hardly be overstated. 

In anesthesia, the COj meter has made it possible to monitor the ade- 
quaej* of ventilation without need for educated guessing, and allowed cir- 
cumvention of the considerable technical difficulties of direct measurement of 
alveolar ventilation (210, 211). 

In obstructive pulmonary disease, end-tidal sampling is of limited value 
because deductions of arterial Pcoi from “alveolar*’ Pco, are not possible. 
This difficulty can be dreumvented by rebreathing of four to six breaths of 
about 8 per cent COj during which time the gas in the bag, in the lungs, and 
in the mixed venous blood come into equilibrium (212), The COj meter 
monitors the equilibration procedure and analyzes the final mixed sample. 
Subtraction ol 6 mm. Hg from the mixed venous Pco, gives an acceptable 
estimate of arterial Pco, even in patients with severe heart disease or emphy- 
sema. Variations of this method have been used clinically to circumvent the 
more difficult anal}‘ses for arterial Pco, (214. 215). 

Infrared CO, meters are playing an exclusive role in the recent measure- 
ment of the arterial-alveolar (a-A) CO, pressure difference. Ordinarily, for 
calculation of alveolar Po,, or Pco> and in other applications of the alveolar 
equation, arterial Pco, is equated to alveolar Pco, (5, 7, 143). The error of this 
assumption in patients with severely uneven ventilation and perfusion has 
been forcefully re-emphasized by Briscoe and co-workers (158). However, 
even in normal subjects and experimental animals, there is a small a-A Pco, 
gradient (208, 216, 217) which is probably attributable entirely to normal 
ventilation-perfusion discrepancies and not to a diffusion gradient. Neverthe- 
less, because of the Haldane e/Tect, it is probably incorrect to say that CO, 
diffuses 25 times more rapidly than O, (218). The mean alveolar Pco, is not 
easily determined because it rises continuously as expiration progresses (190, 
208, 209). This and analytical difficulties have prevented exact definition of 
the normal a-A Pco, difference (218). 

Uneven distribution of pulmonary' blood flow results in an alveolar dead- 
space and also in an abnormal a-A Pco, difference. Severinghaus & Stupfel 
(216) demonstrated this by creating non-uniformitj' of perfusion by pulmo- 
nary air emboli; Leigh el al. (219) showed a similar effect with local diminu- 
tion of pulmonary blood flow during great x'cssel surgery; and Robin and his 
collaborators (220, 221, 222), in much publidzed studies, showed the develop- 
ment of a considerable a-A Pco, gradient in pulmonary embolism and sug- 
gested measurement of the gradient for clinical diagnosis and quantitative 
evaluation of this catastrophe. 

Gai chromalography . — According to Keulemans’ monograph (22S), 
“Chromatography is a physical method of separation, in which the coropo- 



EVALUATION OF PULMONARY FUNCTION 401 

nents to be separated are distributed between two phases, one constituting a 
stationary bed of large surface area, the other being a fluid that percolates 
along.” Martin & Synge (224) proposed that a gas could be used as the 
mobile phase, and later demonstrated gas-Uquid partition chromatography 
(225). Application of gas chromatography to analysis of respiratory gases is 
new (226, 227) and is the only method in this section with which this reviewer 
has had no personal experience. 

Helium, at a controlled flow rate, is commonly used as carrier gas. One or 
more packing columns separate the components of the test gas and qualita- 
tive identification is made by appearance time. Each component is then ana- 
lyzed in sequence in a thermistor thermal conductivity cell. 

Commercial instruments, with minor modifications, have good precision 
(228) and, with zero suppression, may equal the accuracy of the Scholander 
analyzer (229). Each analysis requires from several minutes to one-half hour. 
However, a large variety of gases including the chemically inert can be meas- 
ured (229) and blood gas analysis may also be possible. The method has been 
used for determination of ventilation-perfusion ratios (230) and of diffusing 
capacity (231). 

Pohrographic <ie/ertfitnalion of Pog - — Oxygen saturation as an index of 
blood oxygenation is often quite unsatisfactory both from the technical and 
physiologic standpoints. Procedures on the Van Slyke machine are long and 
tedious and spectrophotometric or reflectomctric methods are relatively in- 
accurate. More important, because of the shape of the O 2 dissociation curv'e, 
no conclusions concerning Pg, can be drawn from saturations above 80 per 
cent. The interest in direct oxygen tension measurements is therefore not sur- 
prising and tonometric methods date back to 1870. However, even recent 
“bubble” modifications of tonometry have remained difficult and time-con- 
suming. Polarographic techniques which permit speed)', direct Pq* measure- 
ment in small samples of whole blood at any Oj tension are likely to broaden 
our knowledge of respirator)' and exercise physiolog)’ and may revolutionize 
clinical laboratory examination. 

Polarography is a careful electrolysis of solutions containing reducible or 
oxidizabic substances. When a suitable voltage is applied to an electrode im- 
mersed in a solution containingOj, the O* is reduced (i.e., takes up electrons). 
This transfer of electrons can be measured by a galvanometer and the current 
flowing is a function of the Po,. A platinum electrode works well enough in 
tissues but in whole blood “electrode poisoning” occurs; for most previous 
work, cumbersome anaerobic centrifugation was required for polarography 
of cell-free plasma. Dropping mercury electrodes have a surface which is con- 
tinually renewed, thus circumventing poisoning. Unfortunately, even the 
newest modifications by Bartels (232, 233) require calibration curves with 
samples of known oxygen tension for each individual blood. Although this 
last method has been used extensively (139, 140, 141), it is time consuming 
and has been completely unsatisfactorj’ in our hands. 

Introduction of the hydrophobic mcmbrane-covcred (usually polycthyl- 
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ene) platinum-sUver reduction cell by Dark (234), Drenckhahn (235), and 
Reeves and co-workers (236) was a great impro^'ement because the platinum 
cathode was separated from contamination with other chemical constituents 
of the sample. Oxygen tension gradients wdthin the liquid sample caused by 
diffusion of oxygen across the membrancisa problem. One solution is the use 
of very permeable membranes with a response so rapid that continuous re- 
cording of transient blood Pq, is possible (237, 238). Another solution is the 
stirring of a rclatitely large sample (239 to 243). And a third approach has 
been the use of a relati\*ely impermeable (Mylar) membrane (244) which re- 
duces oxygen transfer so much that stirring is unnecessary and a very small 
blood sample (0.1 ml.) suffices; this is at the expense of a low output and pro- 
longed response time. 

The many modifications and the present preoccupation with design sug- 
gest that Oj polarography has not yet come of age. However, the method 
holds great promise. A variety of clinical applications has been illustrated by 
Miller and co-^iorkers (245), and othcra were mentioned in the section on 
oxygen diffusing capaaty. 

£/erfrometr»c tneastiremenls oJ Pco,. — For direct Pco, measurements, the 
Astrup method of determining pH once on the unknown and once on the 
same blood equilibrated at known Pcot* now being replaced by the use of 
CO* electrodes described by Severinghaus & Bradley (240) and by Snell 
(246). 

Radioaclice gas isotopes . — Only the briefest mention can be made of re- 
cent work is-ith gas isotopes. Despite enthusiasdc reports, the use of these 
gases has serious limitations: metabolic gases with long half-life must be used 
with great caution, and, as with C“0 (J^), may offer no obwous advantages. 
Use of the 2-inin. halMSfe 0*“, CO’*, and CO»’* is limited to institutions that 
have a pile or cyclotron on the campus (247), and a radiation hazard cannot 
be discounted particularly with repeated examinations. External counting 
presents very special problems and appears to be semiquantitative at best. 

Knipping et al. (248) haN-e reported on "Isotopenthorakographie" with 
xenon 133; and Dyson and collaborators (247) have assessed regional lung 
function with ox>-gen IS. The increasing external count upon inspiration of 
Oi’* is taken as a measure of ventilation and the decay during breath-holding 
as a measure of perfusion. Simultaneous comparison of the two lungs, or 
upper and lower lung fields, is made more accurate by annihilation coin- 
cidence counting (249). The clmms of Knipping (248) and of Dyson (247) 
and their colleagues that this procedure is safer and simpler than broocho- 
spirometr^' cannot be taken too seriously. Similar work iiith CO*** has led 
^Yest & Dollerj* (250) to conclude that the >’ariation in blood flow between 
upper and low er parts of the lung in erect man accounts for the whole of the 
ventilation-perfusion inequality in the normal lung. That the diffusing 
capacity for Oj’* is greater than for Oi’* appears surprising at first but is 
easily explained b>' Dyson and co-workers (251). 

^pton 85 has been used for some years as inspired gas for the measure- 
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ment of organ blood flow, study of exchange of inert gases, and for detection 
of intracardiac shunts. Despite its long half-life, its use is safe because it is 
inert and has a very low solubility in blood (252). Recently, it has been ad- 
ministered intravenously and only about 5 per cent appeared in the systemic 
arteries (253). The problem of recirculation was so minimal that right ven- 
tricular output could be measured continuously. Application of kr>'pton 85 
to the study of the ventilation-perfusion relationship promises to be most 
interesting (254, 255). 
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and Iron absorption, 196 
Fetal liver 

glycolytic enzymes ot. 
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370 

response to anaerobiosis 
by, 370 

Fetal lui^ expansion 
surface tension In, 372-73 

Fibrin 

in hyaline membrane, 376 

Fibrinogen polymerization 
test, 62 

Fibrinolytic activity 
In hyaline membrane dis- 
ease, 377 

Flbrinolysln 
In treatment of hyaline 
membrane syndrome, 

380 

Fiedler's myocarditis, 61 

Filtration fraction 
and changes In thyroid func- 
tion, 86 

Flicker fusion frequency 
in organic brain disease, 

342 

5-Pluorouracii 
comparison of susceptible 
and resistant cells, 172 
uptake by human tumors, 

169 

FRC 

see functional residual 
capacity 

Friedreich's ataxia 
myocardial involvement in, 
61 

Functional residual capacity 
measurement of, 383 

Furaltadone, 117-18 

G 

Gastrectomy 
and celiac sprue, 46 
Subtotal effect on gastric 
secretion, 20 
total effect on gastric se- 
cretion, 20 

Gastric achlorhydria in iron- 
deficiency anemia 
response to Iron therapy, 
20S 

Gastric acid secretion, 19, 

20 

analyses of, 20 

antral phase, abolishment 

of, 20 

cephalic phase, abolish- 
ment of, 20 

measurement and defects 
of, 20 

Gastric resection 
50 per cent or less, 21 
tubular and segmental, 23 
with vagotomy, 22 

Gastric reservoir 
operation for retention of, 

30 

Gastric secretions 


modifications of, 19 
in nicer patients, 19 
Gastrin, 25 
site d elaboration, 19 
Gastroenteropathy, protein- 
losing causes of, 47-48 
Gastrointestinal bleeding 
in amphotericin toxicity, 
112 

Gastrojejunostomy 
with and without vagotomy, 

'•Geeldlkop," 236 
"Genetic deaths," ISS 
Genetic defects 
Incidence of, 154 
Genetic effects of radiation 
exposure, 153 
Giant cell myocarditis, 61 
Giardiasis 

as cause of steatorrhea, 

47 

Gilbert's syndrome, 242, 

244 

Glladin 

In celiac sprue, 49 
Globin 

metabolic fate of, 211 
Glomerular Filtration Rate 
effect of removal of pitui- 
tary gland, 77 
Glomerulonephritis, acute 
fibrinogen polymerization 
test In, 62 

hyperchloremia and azo- 
temia in, 105 
Glossitis 

in tetracycline therapy, 

128 

Glucagon 

and phosphate excretion, 

84 

and renal function, 83, 64 
Glucocorticoids 
in nephrotic patients, 79 
and renal excretion of 
urate, phosphate, pro- 
teins, 79 
Cluconeogenesls 
and pbeoformln, 146 
Glucose, renal threshold 
in ekJerly persons, 139 
Glucose utilization 
and sulfonylurea-released 
insulin, 138 
^-Glucurontdase 
in hydrolysis of bilirubin 
glucuronide, 234 
Clucurontde 
and direct-reacting bile 
pigment, 220 
Clucurooyt transferase 
activity of in hepatocellular 
injury, 235 

in conjugation of bilirubin, 
224 

In CrIgler-KalJar syndrome. 


243 

deficiency in newborns, 
239 

In Gilbert's syndrome, 
244-45 

specificity of, 225 
Glutamic acid 
In celiac sprue, 49 
Clutamlnase activity 
and chronic acidosis, 103 
Glutamine 
fn celiac sprue, 49 
Glutathione 

In removal of Iron from 
ferritin, 199 
Gluten 

and intestinal lesions in 
celiac sprue, 51 
GInten-laden enteropathy 
see Sprue, idiopathic 
Glycine 

In protoporphyrin synthe- 
sis, 2S1 
Glycine, 

use of In investigating 
sources of bilirubin, 
216 
Glycogen 

in ecerine glands, 290 
Glycogen metabolism 
in anaerobic surriral et 
tissues, 370 

Glycolysis in tumors, 176 
Glycosuria, renal 
in renal tubular acidosis, 
105 

Gonadal function 
in anterior pituitary trans- 
plantation, 276 
Gonadal radiation exposure 
maximal tolerance level, 
156 

Gonadotropin 
release of following coi- 
tus, 326 
Gonads 

radlosensltlvity, 161 
and rcozi function, BO 
Grafting, endocrine tlseue 
requirements for, 271 
"Cray syndrome," 117 
Crlseotulvln, 119 
Growth hormone 
regulation of, 325 
Gunn rat 

hereditary deficiency In, 


H 

Hallucinations 
amelioration of, 350 

Halstead Impairment index 
in Organic brain dlseaM, 
343 

Hammao-HIch syndrome 
relation to reiH>lralory 
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disease in newborn, 

380 

Ha 

see Hydrochloric acid 
Heat 

In space flight, 303 
Heat-time tolerances 
(or humans, 306 
Hela cells 

DNA synthesis in, 167 
Helium 

in gas chromatography, 

401 

Bematin 

in bilirubin degradation, 

212 

Hematoma ta 
in transplantation, 271 
Hematuria 

doe to Tibrailon in (lying, 

306 

Heme, biosynthetic sequence 
Inman. 252 
Hemochromatosis 
myocardial InTOlvement in, 
60 

relation to porphyria, 264 
Hemoglohln, degradation 
altemattre pathway, 230 
to faUuMbln, 211 
▼la choleglobla pathway, 

215 

▼la hematln pathway, 213 
and urobUlBogen excretion, 
discrepanclea between, 
229 

Hemolysis 

ct isoimmunization and 
kemicterus, 233 
Hemolytic disease, compen- 
sated 

relation to Gilbert's syn. 
drome, 245 

Hemolytic jaundice, 237 
Hemosiderin 
in iron storage, 211 
Hepatic cells, transport sys- 

In cholestatic jaundice, 

236 

Hepatic cirrhosis 
in porphyria, 263 
sweat sodium in, 295 
Hepatic function 
in Gilbert's sytdrome, 144 
Hepatic siderosls 
In porphyria, 264 
Hepatocellular jaundice, 234 
Hepatoma, Morris 
RP2-L fraction In, 173 
Hepatoma, Novikcit 
enzymes In, 175 
Hepatomegaly 
In porphyria, 263 
Hereditary non-hemolytlc 
bUirublnemla 
see Gilbert's syndrome 


Heterograft, ovarian, 273 
Hexachiorobenzeoe 
and porphyria, 265 
"Hldrometosls," 293 
Histamine 

effect OR compliance of 
lungs, 391 

Histamine admlnlstratloa 
and mucus secretion, 25 
Hlstoeompatiblltty require- 
ments, 271 
Hodgkin's disease 
'lumor factor” In, t90 
Hormones, effects on sto- 
mach d, 25 

Host resistance to tumors, 
189 

Human operators 
in space flight, 319 
Human volunteers 
in Viral disease, 1-2 
Huntington's chorea 
treatment Of. 353 
Hyaline membrane disease, 
375-80 

atelectasis In, 373 
table of information con- 
cerning, 378 
trealtnent of, 379 
Hydration, stale of 
and renal concentrating 
ability, 94 
Hydrochloric acid 
output In relation to stasis, 
32 

secretion ai^ gastrojejun- 
ostomy, 22 
In ulcer patients, 19 
SyperaUoetertmlsiB 
ai>] renal artery occlusion, 
99 

HyperblUrubloemU 
iUu-ect-reartIng 
In congenital hemolytic 
jaundice and ”8huQl by- 
perbillrubloemla,” 241 
in viral bepalRls 
relatloa to Gilbert's syn- 
drome, 245 
Hypercalchtrla 
In renal tubular acidosis, 
105 

Hyperchloremic acidosis 
in renal failure, 104 
Hypergammaglobulinemia 
In porpbyrta, 263 
Hyperglycemia 
and mucus secrelnm, 25 
Hyperskleremla 
in porphyria, 263 
Hypertenshm 
polyuria in, 99 
associated with potassium 
depletion, 99 
Hypertrichosis in women 
in porphyria, 262 
ByperrentUation 


effect upon diffusing 
capacity, 397 
HypoalbumlnemU 
in porphyria, 263 
Hypokatemla 
in amphotericin therapy, 
112 

Hypophosphatemia 
in renal tubular acidosis, 
105 

Hypophysectomy 
and aldosterone output, 

329 

Hyposthenuria 
in nephrogenic diabetes 
insipidus, 100 
Hypothalamus 
median eminence of 
and acute response to 
stress, 326 

paraventricular suclei d 
la elaboration d AOH, 
323 

supraoptic nuclei of 
in elaboration of ADH, 
323 

Hypothermia, 73 
in arresting heart beat, 73 
in local perfusion d myo- 
cardium, 72 
Is treatment of hyaline 
membrane sy^rome, 
890 
Hypoxia 

in space flight, 308 
Hysleresis 
In lungs, 392 


Icterogenln 

eflects on bile pigment 
metabolism, 236 
Icterus Intermltten juvenilis 
see Gilbert's syndrome 
lllamlaation 
in space flight, 314 
Imlnodibenzyl derivattres, 
364 

Im^ramine 

combined with monoamine 
oxidase inhibitor, 365 
potentiation of barbhhirate 
action by, 364 

Inborn errors d metabolism 
la porphyrias. 2SS 
Indirect bilirubin, 219 
"Indirect Maximal Breathing 
Capacity," 386 
"Inertance" In work cf 
breathing, 392 
Infants 

relation of diet to orbie 
coneeotratton mechan- 
ism in, 95 

infrared blood gas analysis 
399 
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Inspissated bile syndrome, 
23 » 

Insulin 

effect of sulfonylurea on 
production of, 138 
effect on tubular maxima 
glucose, 83 
InsulinlDte activity 
of blood, after sulfonyl- 
urea, 137 
Insuloma tissue 
transplantation Into dia- 
betics, 278 
Intelligence 
genetic control of, 155 
fiiteratrlal septal defect 
repair of, 67 
Intercapillary glomerulo- 
sclerosis 

hjperchloremla and azo- 
temia In, 105 
Intraesophageal catheter 
use of In Intrapleural pres- 
sure changes, 374 
Intrapleural and Intraesopha- 
eeal pressure, 389-90 
Intrauterine hemorrhage 
and hyaline membrane dis- 
ease, 377-78 
Zbdoacetfc acid 
and resistance to anoxia 
In newborn, 369-70 
Iproniazid 
aspects of, 362 
Iran 

absorption 

measurement of, 200 
mechanism and regula- 
tion of, 195 

by passive transport, 197 
In rat liver slices, 197 
chelate 

In assessing Iron stores, 
204 

deficiency 

and absorption of iron, 

201 

diagnosis of, 203 
tissue changes in, 205 
excretion of. 195 
of hemoglobin 
precursors of, 254 
Incorporation into ferritin 
facilitators and Inhibitors 
of, 198 

fole of liver cell In, 254 
Incorporation Into proto- 
porphyrin, 253 
loss from body of, 195 
overload and Iron absorp- 
tion. 201 

Iron-binding capacity 
In mild Iron deficiency, 204 
In porphyria, 264 
lron-toi(»rance curve 
In dlagnosla of mild Iran 
deficiency, 204 


J 

Jaundice 

bile p^ment tnet^nllsm 
in, 230 

due to cblorpromazine, 

352 

In chlorpropamide therapy, 
142 

In novobiocin therapy, 124 
relative intensity In biliary 
obstruction a^ hemoly- 
sin, 231 

tissue staining in, 231 
and tolbutamide, 141 

K 

Kalturesls 

taUo»lng orytocln, 82 
following vasopressin, 82 
Kanamycln, 120 
Kernicterus, 133 
and bile pigments, 211 
Ketonurla 

In phenformln therapy, 145 
Kidney 

acquired disorders of con- 
centratlon/dUutlon, 93 
capsule 

as sice of adrenzl trans- 
plantation, 273 
in coDiugatlon of bilirubin, 
226 

storage of hormones in, 

330 

Kieselguhr column 
in study of bilirubin, 219, 
222 

Klopfer’s Prognostic Rating 
Scale 

as measurement of adjust- 
ment of hospitalized 
patients, 340 
Kreb's cycle in tumors, 

176 

Krogh'a formula 
In diffusion constant of 
placenta, 286 
Krypton 85 

as radioactive Isotope, 402 
L 

Lactic dehydrogenase, 62 
•’Large, pale cell" 
in eccrine glands, 290 
Leucopenta 

In ampftoterlcfn therapy, 

112 

in ehloTpropamide therapy, 
142 

in furiltadone therapy, 118 
Leulcemla 

merhaslsm of anemia tn, 

17B 

postlrradlatlon, dose 


relationships In, 

153 

after radiation exposure, 
158 

Life-shortening 
In radiologists, 161 
Life-span 

genetic control of, 155 
Light- sensitivity 
effect of reserplne on, 

356 

Limbic system 
action of reserplne on, 358 
Lipid metabolism on tumors, 
175 

Lipoid proteinosis 
skin histology of 
relationship to porphyria, 
263 

Lippia rebmanni 
In cholestatic jaundice, 

236 

Lithium hydroxide 
CO 2 absorption by. In 
space ships, 314 
Liver 

action of sulfonylurea- re- 
leased insulin on, 138 
catalase activity In tumor- 
bearing rats, 177 
glucose output and pben- 
formln In, 145 
limits of bilirubln-excret- 
Ing capacity of, 218-19 
reetatollsm of ehlorpro- 
mazlne In, 351-52 
uptake and excretion of 
bilUrubloin, 217-18 
Loop (X Henle 
reabaorptlon of sodium 
from, 94 
L5D-2S 

see Norepinephrine, con- 
geners of 

Lucey-DrUeoll syndrome, 
242-43 
Lung 

artificial, 67 
biophysics of, 372 
diffusing capacity of, 395 
histochemistry of, 372 
of newborn, 372 
peak flow rate In, 387 
volumes 

relation to third power 
of height, 389 
static, measure of, 374 
LutelRUlr4g hormone 
patlem of release cf, 527 
Luleotr^Ie hormone 
production of. In hypophys- 
eal transplaots, 274 
Lymphatic leokemla, acute 
••Jeukemle factor” tn, 190 
Lymphatic a 

Importance In grafted tis- 
sue, 271 
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Lymphomas 

mecbanism oC aaemla In, 

178 

Lysogenic bacteria, deClnl- 
tion rt, IB7 

M 

Machines 

adrantages ot. In space 

night, 320 

liabilities of, in space 
flight, 320 
Magnesium*^ 
aol DKA synthesis, 167 
Malignant melanoma 
IIP2-L In, ITS 
Malnutrition 
and celiac sprue, 46, 47 
Mammary adenoearclMma 

and filtrates from human 
tumors, ISO 

adrantages at, in space 
flight, 320 

UahUiUestf, in space 

night, 320 

Manic depresstre psychoses 
genetic basis, U5 
Man-maehlss relationships 
la space flight, 319 
Mass spectrometry 
la blood gas analysis, 398 
*^IatehTest,'’ 388 
Maximal mldexplratory flow, 
387 

Maxlasum breathing capacity, 

(actors affecting, 387<68 
"Maximum effecttre preS' 
sure" 

intrathoracle, 391 
MBC 

see Btaxlmum breathing 
capacity 

Mechanical factors In dls* 
trfbutloo of pulmooary 
TentUatlon, 390 
Melanocyte>sUmuUttng bor- 

phystology of, 324 
structure cf, 324 
Melanoderma-porphyria, 

259 

Melanogenests 
stimulation of, 324 
Melanotontn 
secretion of, 324 
Membrane la pump oxygena- 

properties of, 69 
Memory 

Impairment assessment of, 
342 

Mental retardation 
in Japanese children at 


Hiroshima, 1S7 
hfeprobamate, 360 
6-Mercaptopnrloe 
cneehaiilsm of resistance 
to, 172 

Mercury project 
(lights Id. 300 
hferccry space capatde 
diagram of, 30S 
provision tor excess heat 
la, 304 
MesobUtrubtn 
in reduction of bllimbfo, 
227-23 

MesobUirnblnogen 
In reduction of btllrnbln, 
227-23 
Metabolism 

of Ructear proteins, 171 
ofRJiA, 171 
Metahexamlde, 136 
MetalUc taste 
In pbecformtn therapy, 146 
Meteor bumper 
In space flight. 307 
Meteorites 
in space flight, 306-7 
Metbamtoo dlaxepoxlde 
action ot, 360 
Methylphenidate 
action of, on central ner- 
vous system, 351 
Methyl testosterooe 
and cholestatic Jaundice, 

23$ 

Mleroeocepbaly 
in Japanese cbUdren at 
Hiroshima, 157 
Mlc rosomes 

In glocurooyl transfer, 227 
htllk prectpUtns 
to chronic respiratory dis- 
ease, 360 

htlUpure dlltuslon chamber, 
tn (Issue (ransplanta- 
ttoo, 274 

htlnoesota MuHlplasIc Per- 
SonaUty bveotory 
In diagnoBls of schlzo^ire- 
Bla, 9C 

and prognosis (or length 
o< bospttallzalloo, 340 
Etody of, 344-45 
hfUocboadrla 
In celiac sprue, 44 
hflxed porphyria, 265 
M5(T 

see hfaxlnal mldexplra- 
tory flow 
Mongolism 

In Japanese chUdren at 
Hlroshinia, 157 
Moniliasis 

fn chloramiAeaicoI therapy, 
117 

Monoamine oxidase 
action cf, 356 


Mono pun^, 68 
Mucin 

gastric, 24-25 
Origin of, 19 
MaeopToteia 
fa sweat, 290 
urinary 
In cancer, 177 
see Mucin 

'Mucosal block mechanism" 
in iron absorption, 196 
Mnltiple myeloma 
and myocardial amyloid 
ialUtralloo, 60 
&fnlttpte sclerosis 
and sulfonylurea com- 
poonds, 140 
htusearfne 

action at parasympathetic 
sites, 349 

Muscle relaxants, central, 
360 

Mutant gene 'TjooI,'* 155 
Mutations, laws ot, 154-53 
Myasthenia gravis 
myocardial InvolvezBent 
In, 61 

Myocardial fibrosis, 55 
Myocsrdlopathy 
etlologle background of, 
56-61 

hemodynamic abnormali- 
ties la, 61 

relation of structural to 
functional abnormal- 
ties In, 55-56 
Myocarditis, 55 
in enterovirus Infection, 9 
Myoglobin 

in Iron deficiency, 205 
hlyoporphyrta 
reUtlm to acute porphyria, 
259 
Myositis 
skeletal muscle 
myocardial Inrolvement 
in, 61 

smooth muscle 
myocardial involvement 
In, 61 

iSfotoii» atnphlea 
myocardial involvement 
in, 60 
Myxedema 

glomerular fOtratlon rate 
la. 86 

N 

Katlonal Academy ot Science, 
recommendalfons re 
gonadal radiation ex- 
posure, 156 
Saaaea 

due to vibration In Hying, 
306, 307 
JJeomyclB, 121 
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intestinal absorption of 
In liver disease, 122 
treatment with 
and celiac sprue, 46 
Neonatal jaundice, 239 
Neoplastic tissue 
rate of nucleoprotein bio- 
synthesis in, 173 
RNAof, 170 
Nephrectomy, subtotal 
and concentrating ability, 
95-96 

Nephrogenic diabetes insipi- 
dus, 100 
Nephrolithiasis 
In renal tubular acidosis, 
105 

Nephrosis 

sweat sodium in, 29S 
Nephrotoxicity 
in kanamycin-treated 
patients, 121 
in neomycin-treated pati- 
ents, 121 

in ristocetin therapy, 126 
in vancomycin therapy, 129 
Nerve supply 
importance In grafted tis- 
sue, 271 

Neuroerdocrlne mechanisms 
elassUleationof, 323 
first order, 323 
second order, 324 
third order, 325 
Keiirohypophysts 
and renal function, 80, 81 
role in antidiuretic hor- 
mone transport, 323 
Neurological aspects of 
pyrroloporphyrla, 260 
Neorol^ical disturbances 
in furaltadone therapy, 118 
Nitrofurantoin, 123 
and furaltadone, 118 
Nitrogen 

bubbling in tissues in space 
flight, 309 
Noise 

In space flight, 313 
•'Nomologlcal validity" 
in psychometric tests, 338 
Non-hemolytic "overpro- 
duction jaundice, " 241 
Norepinephrine 
action on central nervous 
system, 351 
congeners of, 351 
as chlorpromaalno antago- 
nist, 351 

effect on reticular forma- 
tion, 358 

myocardial toxicity of, 60 
and potassium excretion, 

60 

as potential neurohormone, 
350 

and renal function, 80 


Norethandroloue 
and cholestatic jaundice, 
235 

Novobiocin, 124 
Nuclear proteins, number, 
173 
Nuclei 

isolation of, 166 
Nucleic acids 
methods of characterizing, 
166 

sequence analysis, 167 
Nucleolar RNA, 171 
Nucleolus 

possible functions, 171 
O 


Obstructive jaundice, 234 
Oleandomycin 
untoward reactions to, 1 1 4 
Oncogenic viruses 
latent 

activation of, 191 
medium for detection of, 

192 

Oral hypoglycemic agents 
half life, 136 

procedure for cUnJcal test- 
ing, 140 
Orinase 

see Tolbutamide 
Orotic acid 

control o( biosynthesis of, 
109 

Ortbotopie grafting 
in anterior pituitary trans- 
plaoUUon, 274-75 
Orthotopic sites 
transplanUtlon of endocrine 
glands 10, 278 
Osteomalacia 
relation to steatorrhea, 29 
In renal tubular acidosis, 
105 

Ototoxicity 

in kanamycin-treated 

patients, 121 

In neomycin-treated pati- 
ents, 121-22 

Ovary, transplantation of. 


273 

Overactivlty 
amelioration of, 350 


dlftusli« capacity for, la 

lungs, 393 
dissociation curves 
maternal and fetal, 287 
heart requlreioeols for, in 
myoeardlopatbles. 56 
Inlragastrle ndmlnlstrallon 
In treatment ol asphyxi- 
ated Infants. 371 
lack, la stlamlatton c< 


respiration in newborn, 
375 

pressure gradient 
estimation of, across 
placental barrier, 285- 
86 

sources d, In space flight, 
315 
tension 

In fetal blood, 285 
low, In treatment of 
hy^ne membrane syn- 
drome, 379 
mean capillary, esti- 
mation of, 393 
in maternal blood, 265 
transport across placenta, 
equation for, 281 
use of, in space flight, 

314 

Oxygenator 
bubble, 70 

Kay Cross, air embolism 
In, 68, 70 
rotating disk, 68 
rotating drum and mem- 
brane systems, 69 
Oxytocia 

and antldluretie hormone, 

324 

effect on proUctln release, 

325 

and renal function, 82 
secretion of, 324 

P 


Pancreas 

and renal function, 83 
transplantation of, 277 
Pancreatic enzymes 
synthesis of, 170 
Pantothenate 
1 q ototoxicity due to neo- 
mycin, 122 

"Pappenheimer Nomencla- 
ture” for lung volume 
compartments, 369 
Para-lnfluenxa virus, type I 
hemadsorption type 2, 3 
Para-influenza virus, type 
2 

croup-assocUted, 3 
Para-influenza virus, type 

hemadsorption type 1, 3 

Para-lafluepjsa virus, type 


I.I.25. 3 

ParalyUc lllfwss 
Is enterorlrus Infection, » 
Parathyroid gland 
and renal function. 84-80 
active principles 
transplanlatloo c#, 27" 

ParWnsonlfte syndrome 

due to chlofpromxzlne. 3» 
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Pukinsoa'8 disease 
and suUonylurea compouisls, 
140 

Pars Iclermedla 
In secretioa ot melanocyte' 
stimulating bar stone, 

$24 

’Teak flow meter, •* 387 
PetaclUln 

cntoward reactions to, 12S 
PenlcUlhim 
CPOSS-scBsllfylty with 
grlseotulTln, 120 
Pepsin. In ulcer patients, 23 
Perfusion, cf patients on 
heart'lung machine, 71 
Pernicious anemia 
Jaundice In, 241 
Personality Tarlablea 
systems of, 337 
pB 

dilterences In maternal and 
fetal blood, 286 
plasma 

as respiratory stimulus, 
375 

Pbagie geoOBie, 288 
Pharyngitis 

Is eoteporirus liifectioa, S 
Pbentoralo, 143 
clinical use of, 148 
elleet of tn nou'dlabetle 
hununa, 143 

sad allocbondrUl resplrs' 
tim, 14S 

mode atd site of action, 

14S 

toxicity of, 144 
Fbenothiazlne derteattres 
structures of, 354 
Phenotblazlnes 
and monoamine cxUase 
tnMbttors, 363 
new. 353 
Phenylbutaaone 
tnyoeardlal reaction to, 60 
Phenylethylamlnes 
as antidepressants, 361 
Pbeocbroisocytoma 
myocardial lesion tn, 60 
Phillips Prognostic Rating 
and prognosis cf scbiao- 
[iireaia, 340'41 
Phlebitis 

la rancomycln therapy, 129 
Phosi^ale excretion 
alter ammonium chloride 
load, 103 

In renal failure, 103 
after trtlodothjTonlne ad* 
ministration, 86, 87 
I^sphate transport 
effect c< parathyroid hor- 
mone, 85 

Fbospbaturla 

after parathyroid extract 
administration, 85 


Phosphorus 

myocardial damage by, 60 
Fhotosensltlrtly 
In demethylchtartetra* 
cycUne therapy, 128 
In grlaeofuleln therapy, 

120 

in porphyria, 262 
Pbotosynthetlc gas exchanger 
in space ships, 314 
Figment 1 

la cholestatic Jaundice, 236 
eonrerston to Pigment n, 
site of, 228 

and direct ran den Bergh 
rcactton. 220 
Plgmetd n 

and direct van den Bergh 
reactkin, 220 
Pigmentation 
control of, 325 
In porphyria, 262 
Pineal gland 

as antagooist to adenc^ypp. 

pbyseal hormones, 336 
relationship to aldosterone 
seerettoo. 322 
la secretion of nelanotonin, 
324 

Plnocytosls 

fn D.VA peoefratlon ot oeo- 
ptastlc cells, 176 
In uptake of iron by eryth* 
roblasts, 199 
Pltuleyte 

role In aatldturetlc hor- 
mone utUlzatlon, 324 
Pituitary, transpUeutloD 
of, 274 
PUceuta 

comparison ot (unctlonal 
capacities parameters 
In. 283 

dUfnsioo constant, calcn- 
latioo of, 285 
eimhange of gases tat, 281 
la oxygenation of blood, 

285 

oxygen gradient, regnlatJon 
of, 285-86 

role cf, tn blUraUa clear- 
ance, 240 
Plasma iron 

In ane mia 

of chronic Infection, 203 
of malignancy, 203 
in Iron deficiency, 203-4 
in thalassemia minor, 203 
time of peak levels, 19$ 
Plasma TOtatme 
in dumping syndrome, 26 
Plethysmographs, tody 
in study cf respiratory 
adjustment cf aewfaoms, 
374 

Pleorodynta 

In enterovirus Infection, 9 


’’Poeumometer, " 387 
Pneumonia, In newborns, 

38 

Polkllocytosls 
in iron deficiency, 303 
Polarograpby 
1ft blood oxygenation deter- 
mlnatloQ, 401 
Polio virus 
nucleic acids of 
non-speclflclty ot, 192 
Polya reseetiott 
relationship to achlor- 
hydria, 21 

Polycystic renal disease 
hyperchloremia and azo- 
temia In, 105 
Polycythemia 
eftect of on diffusing 
capacity of lung, 395 
transfusion atd Iron ab- 
sorption tn. 201 
Polymerase, nucleotide 
In BRA synthesis, 168 
Polymlxln B 
untoward reactions to, 
tt5, 118 

Polypeptide substance P 
as poteotial Beuroborauiie, 
350 

Polyvinyl pyrrolidofte test 
In pntela-loslag gastro- 
enteropathy, 47 
Porphobilinogen 
conversion of delta-aaino- 
lemllaie acid to, 253 
Porphyria 
epidemic cd. 265 
Porphyria cutanea tarda 
symptomatica. 263 
see also Protocopor^yrla 
Porphyrias, 255, 256 
geographical tneidenee and 
dlstrtbutlon of, 256 
"Porphyria varlegata,*’ 258 
Porphyrisemla 
tn porphyria, 264 
Porphyrins, biosynthesis of, 
251 

PoaiUre pressure TentUatlcm 
In faypopnlc infants, S72 
PostlmplantatloD period 
Irradiation during, 157 
Potassium 
citrate 

in elective cardiac arrest, 
74 

depletion 

and urine acidifying 
ability, J07 

In renal tubular dysfunc- 
tion, 93 
serum 

la dumping eyodroaie, 27 
tn hyaline membraM 
disease, 373 
In uremic acidosis, 101 
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tonicity of, In sweat, 290 
Precocious sexual activity, 
lesions of hypothalamus 
and, 326 

"Precursor fluid" 
of sweat, 290 
Pregnancy 

and cholestatic jaundice, 
235 

effects of, on course of 
porphyria, 260 
Frelmplantatlon period 
irradiation during, 157 
Premature Infants 
levels of bilirubin In, 240 
Prematurity 
and lung surface tension 
forces, 376 

Prlmaqulne-sensKlve hemo- 
lytic anemias 
and nitrofurantoin, 124 
Primary Intestinal malab- 
sorption 

see Sprue, Idiopathic 
Progressive muscular dys- 
trophy 

myocardial Inrolvement In, 

ei 

Progesterone 
In kidney function, 78 
in porphyria, 260 
ProUctln 

in melanogenesls, 324 
regulation of, 32S 
release of 

effect of oxytocin on, 325 
Protein, dietary 
and urine osmolality, 94 
Protein-free diets 
and tumor growth, 175 
Protein metabolism 
on Infants' urlne-concen- 
tratlon mechanism, 95 
Proteins, nuclear 
functions of, 173 
Protocoproporphyrla, 258, 
261 

Protoporphyrin 
In bile pigment production, 


In degradation of hemo- 
globin, 213 

origin of carbon and nitro- 
gen atoms In, 2S1 
Pruritus 

in amphotericin therapy, 

112 

In novobiocin therapy, 124 
Pruritus anl 

•n tetracycline therapy, 128 
Pruritus vulvae 

In tetracycline therapy, 128 
Psychiatry 

aitcmattves to standard 
dl^moBCB In, 336 

reliability of diagnosis tn. 


336 

Psychometric tests 
frames of reference for, 
335 

validation of, 338 
Psychoneurotic reactions 
identification of, 343 
Psychopathic personality 
tests for, 343 
Psychosis 

in chloroqnine treatment 
of porphyria, 265 
"Puff meter,” 387 
Pulmonary blood flow 
effect OR diffusing capacity, 
397 

Pulmonary capillary blood 
volume 

effect on diffusing capacity, 
397 

Pulmonary compliance 
normal values, 393 
pulmonary hemosiderosis 
Idiopathic myocardial In- 
volvement In, 60 
Pulmonary infections 
neonatal, 381 
Pyelonephritis 
dUutlng abQUy In, 96 
kidney lesion in, 98 
and renal tubular acidosis, 
106 

Pyelonephritis vs. ne^o- 

eeUrosls 

In renal concentrating 
abUtty, 98 
pyroUla, 258 

PyroUoporphyrla, 258, 259 
R 

Radiation 
damage to embryo 
period of greatest eensl- 
tlvlty, 162 

electromagnetic. In space, 
310 

exposure 

hasard of low dosage, 152 
In man, known groups, 

162 

In Well-Baby clinics, 153 
as factor In length e< 
space trips, 312 
human tolerances to, 311 
leukemogenic action of 
in children vs. adults, 
157, 158, 159 
and ovarian graft, 274 
particulate. In space, 310 
response of human germ 
cell# to. IM 
shield design, 312 
skin burn, first report of, 
196 

somatic effecuef, 156-62 
In space flight, 3*0 


spectrum of, In space, 310 
toxicity 

study of. In control 
groups, 152 

Radioactive gas Isotopes, 
402-3 

Radioactive iodine uptake 
as evidence of function in 
transplantation of thy- 
roid, 276 

Radioactive protein fractions 
and nuclear proteins, 173 
Radioisotopes of Iron 
as measure of Iron absorp- 
tion, 200 
Radiologists 
incidence of leukemia 
among, 158 
Radlosensltlvity 
during major organogene- 
sis, 157 

Rauwolfla alkaloids, 357 
Reabsorptlon of water 
Influence of thryold on, 87 
Red cell 
destruction 

role of to neonatal Jaun- 
dice, 240 
life span of, 211 
osmotic fragility of, is 
congenital hemolytic 
jaundice and "Shunt 
hyperbUlrublnemla, " 

241 

Regional enteritis 
di^osls by suction biop- 
sy, 48 

Relative biologic effective- 
ness 

of radiation In space, 311 
Renal artery occlusion, 99 
Renal collecting ducts 
in water reabsorptlon, 94 
Renal failure, chronic 
conceotrallng ability In, 95 
Renal medulla 
urlne-coneentratlng pro- 
cess and, 94 

Renal tubular acidosis, 105- 

7 

essential defect to, lu7 
neutral jrfiosjJiate infusion 
and urine acldUy, 106 
Reserplne 
effect of 

on dopamine level In 
corpus striatum, 353 

on endocrine function, 

357 

on estnis cycle, 327 
and monoamine oxidase 
Inhibitors, 363 
pharmacological aspects 

c*. 355 

relationship to LSD-2S, 

355 

site of action oi, 358 



m 


as tnnquUUer, 3S0 
Residual Toluine, 338*89 
Re^lntlon, conlrol of 
In newborn, 375 
Respiratory arrest 
a/ler oeoBiycln, 122 
Respiratory distress syn- 
drome of Infants 
See Ifyallne Alembranc 
Disease 

Respiratory excha&ce ratio 
measurement d, 399 
Respiratory problems in 
newborn, 380-81 
Resuscitation the newborn, 
371 

Retteulocytosla 
In congenital henjolytic 
Jaundice and *'shust 
hyperbUIrnblneiala,'' 

341 

Retlcutoendotheltal systesi 
maximum capacity for 
bemoglobm degradation 
of, 214 

Rheumatic fever 
(Ibrlnogen polyaerlaattoa 
test lo, 82 
Rheamatlss) 

and lacUenee of leuketola, 
159 

Bbeuaatold arthritis 
flbrlaoccn polymerlxatlon 
test In, 62 
Ribosueleie acid 
of cytoplasmic sap (s-RKA), 
ITO 

insoluble la water (RNA-RJ, 
170 

solobte la water {RXA-P}, 
170 

Ribosomes, 170 
RistaeetlR, 125 
RJIA.P 

see Rlboeucleic acids 
RNA-H 

see Ribonucleic acids 
Roller pomp of DeBakey 
modifleatloa td, 68 
Rorschach Schlzopbrenle 
Score, 342 
Rorschach Test 
In identification of homo- 
sexuals, 343 
In prediction of length of 
hospltalixatioa, 340 
stadf of, 343 
Rotor syritrome 
a»i cholestatic jaundice, 
235 

Rons sarcoma 
production of mucoproteins 
by, 177 
RP2-L 

see Badloactlre protein 
tractions 
Rye 
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and celiac spne, 48 
S 

Salmonella tnfectton 
In patients with schiorhy- 
drla, 23 
Salt d^letkn 

sweat gland changes 1 q, 294 
SareoldoiU 

myocardial limlTement In, 
59 

Sarcoma 180 cf mouse 
radloaerUre protein fractions 
la, 173 

Scar tissue formation 
In transplantatloa. 271 
SchUI-posUtve, dlastase-re- 
slstant material 
In sweat glands, 293 
Schtiophrenla 
Kattetlc boLSts, 1S5 
loQg-tercn prognosis c4, 
340-41 

Schlxophrenlc reactions 
tests for, 342 
Schleslnger'a solutioo 
reaction with nrobUlns, 

227 

Scleroderma 

myocardial iHTOtreaent is. 
59 

Sclerodermal change 
la porpbyru, 263 
"Secoodary fallares~ 
la diabetes 

treatment with phenformln 
for, 147 

of BuUooylorea compouDds, 
140 

Sella turcica grafts 
la anterior pituitary trsns- 
pUnCatlon, 275 
Sendai strain of para-taflu- 
eoza 1, 3, 5 
Sendai Tiros 

geographical occurrence Of, 
5 

Serotonin 
brain stores 
effect of reserpfae co, 

356 

as potential oennAoriaoee 
350 

Serum glutamic oxalacette 
transaminase 

la diphtheritic myocardius, 
62 

Sea hormooe secretloo 
control of, 327 
Sex ratio alteratloa 
la chUdrea of Japanese 
irradiated U Biroshtma, 
154 

Shiner tastrnmeot 
in tntestlnal biopsies, 40 
’■Shunt hypertlteiAlaemU, " 


241 * 

Slefcle-cell anemia 

orlne concentrating defect, 
99 

Sideroblasts 

In troo-deficlent paiiests, 
203 

Slderophllla 
In Iron transport, 2ll 
Siderosls 
In porphyria, 263 
Simple familial cholemla, 

242 

see Gilbert's syndrome 
Sites of ensure to radi- 
at loo 

and fenfcemfa, 162 
and thyroid Beoptasla, 162 
Stia rashes 

fa chiorpropaxakle therapy, 
142 

Scin temperature 
effect on sweat composl- 
tlon, 293 

"Small, dark cell" 
la eccrloe gUMs, 290 
Sod in TO 

tonicity la sweat, 290 
Sodhtm chloride 
coeceetratloo la sweat, 291 
Sodium dhhloe it* 
la rtio^nl ei Ino from 
ferrillB, 199 
Sodium vastl]^ 
in renal failure, 104 
Solute diuresis 
In renal cooee&tratlag 
dried, 95-97 
Space 

fuactfoQ c4 man ta, 3l8 
^ce night 
medical aspects of 
source of taloemailaa coe- 
cerning, 299-300 
stresses ta, 300 

^ce technoloer 

instruaienis derived from, 
as aid to physlctia, 320 
^ce rehleles 
quarantine regulattoas 
coBcerntsg, 318 
^jermatogene sis 
tn testicular transplants, 

27B 

^perta counts 

in griseofolTln therapy, 119 
^dteroeymsls 
la co^enUal hemolytic 
jaondice and "shnnt 
byperblUrubtaenta, *' 241 
^iral aiteveffed test 
In predlcttog abnarinal CEG 
lindlngs among chlldrea, 
342 

^Iram^tn , 

untoward reactions to, 114 
Sptrolaetone 
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In kidney function, 79 
Spirometer 

in measurement of vital 
capacity, 386 
Spirometry 
review of, 385 
Splenectomy 
In congenital hemolytic 
Jaundice, 241 

in erythropoietic porphyria, 
259 

in "shunt hyperbilirubin- 
emia," 241 
Spleen, tumor In 
in ovarian grafts, 274 
Spontaneous mutation rate 
In fruit files 

alter radiation exposure, 
153 

Sprue, celiac 
biochemical observations 
In, 49 

diagnostic specificity, 46 
electron microscopy of, 43 
genetic basis of, 52 
gluten In, 48 
histochemistry of, 43 
histologic observations in, 
50 

histology of, 40 
Interpretive difficulties 
in, 45 

Intestinal lesion In, 39 
mitotic Index In, 43 
pathogenesis, 49 
Sprue, idiopathic 
in adults, 39 
^rue, non-troplcal 
see Sprue, idiopathic 
Sprue, tropical, 47 
a-RNA 

see Ribonucleic acid 
Stature 

genetic control of, 155 
Steatorrhea 

alter gastric operations, 
28 


idiopathic 

see Sprue, Idiopathic 
postgastrectomy, 28 
relationship to osteomalacia, 
29 

StercoblUn 
In study of sources of 
bUlnibln, 216 
Stercoblllnogen 
in reduction of bilirubin , 
227-28 

Sterility, radiation-induced 

dosage in, 161 
Eternberg-reed cells 
DNA conteiU of, 167 
Steroidogenesis 
feedback mechanism In, 

327 

Slei'ens-Johnson-Uke syn- 
drome 


In novobiocin therapy, 125 
Stomach, emplyii^tlme 
after v^tomy alone, 

21 

Stomach, surgically altered 
changes secondary to sta- 
sis or reflux in, 32 
growth after, 30 
mortality of, 35 
recurrent ulceration in, 83 
secondary effects on other 
o^ane of, 33 
Stomatitis 

In tetracycline therapy, 

128 

Streptomycin 
cross-sensltlvlty with 
neomycin, 123 
toxic reactions to, 127, 

128 

Stress tests 
in astronauts, 317 
Succinate 

in protoporfAyrln synthesis, 
251 

Succinate-glycine cycle 
In synthesis ot purines, 
251-53 

Succinic dehydtrogenase 
In iron deficiency, 206 
SuUanUlc acid, dlazotlzed 
coupling with bilirubin, 219 
Siilfale transport. In kidney 
effect of somatotropin on, 
77 

Sulfonamides, new 

untoward reactions to, 116 
Sulfonylurea compounds 
clinical use of, 139 
diet of patients arel, 140 
mode and site of action, 

157 

toxic effects of, 140 
In treatment ot diabetes, 
143 

as source of radiation. In 
space night, 310 
Superlnfectlon 
In tetracycline therapy, 

128 

Surface tension 
anl hysteresis of longs, 
393 

chemical composition of, 
293 

Sweat duct 
basal layer 
regeneration In, 292 
luminal cells 
(unetloo of, 292 
Swell gland fatigue, 292 
Sweat glands 
changes In, following 
profuse sweating, 294 

Sympathomimetic amines 


effect on renal plasma 
flow and glomerular 
filtration rate, 81 
Systolic emptying 
In myocardiopathtes, 56 


Taylor Anxiety Scale 
In psychometric test 
validation, 338 
Tension 

amelioration of, 350 
Testis, transplantation of, 
278 

Testosterone 
and renal function, 79, 

80 

Tetrabenazine 
pharmacological effects 
of, 357-58 
Tetracyclines 
toxic reactions to, 128 

p-Tetrahydronaphthylamlne 

action on central nervous 
system, 351 

Thematic Apperception Test 
In diagnosis of schizo- 
phrenia, 342 
In IdentUIcttlon of homo- 
sexuals, 343 
study of, 344 
Thorax, compliance of 
In newborn, 374 

Thrombocytopenia 
In furaltadone therapy, lie 
Thrombophlebitis 
in amphotericin therapy, 
112 

Thymoma 

myocardial Involvement 
In, 61 

Thyroid extract 
effect on tubular maxima 
glucose !n hypophys- 
cctomlzed dogs, 77 
Thyroid gland 
cancer of, after radiation 
exposure, 158 
transplantation of, 276 
Thyroid hormones 
effect on thyrold-stlm- 
laUng hormone, 338 
and renal function, 86, 87 
Thyroid sensitivity 
to carcinogenic action of 
radiation, 160 
Thyrotoxicosis 
myocardial inrolvemect 
In. 61 

Thyroxine secretion 
control of, 328 
Tissue grafts 
criterU for success of, 

272 

Tissue viscous resistance 
ia lungs, 392 
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Tltntable acM 
excretion by uremic pa- 
tients, 103 
Tbsq 

see Tubular maxima glu- 
cose 
T^PAH 

see Tubular maxima p- 
amtftohipjmrate 
Tolbutamide, 136 
Toxohormone, m-78 
Tradieal lahilstJoa 
In bypopnie lolants, 372 
'Trait validity" 

In psychometric tests, 33S 
TranqulUzlng agents, 330 
Transduction 

In bacterial genetic change, 
187 

In tumor induction and 
regression, 189 
Transient famtUal hyper- 
bilirubinemia 
see Lucey-DrlseoU syn- 
drome 

Trleblnous myoesrdttts, S8 
Tricuspid valve InsoUtlcleney 
toUovlng repair ot ventri- 
cular septal defect, 72 
Trophotroplc division ot 
neuronal organization, 
3S9 
Trypsin 

liberation of In pancreas 
transplantation, 277 
Tryptamlas, urinary 
In deteralaatlon ot motto- 
amine oxidase inhlbUlaa, 
364 

Tuberculosis 
In newborns with tubercu- 
lous mothers, 381 
Tubular acidosis, 101, 103- 
7 

Tubular damage 
In renal concentrating 
delect, 96-97 
Tubular maxima glucose 
effect of removal of pltu- 
ttary gland on, TT 
Tubular tnaytma p^imlno- 
hlppurate 

effect of removal ot pttnl- 
tary gland on, 77 
Tumors 
Ehrlich ascites 
RP2-L in, 173 
Flexner-JobUng 
RP2-1- In, 173 
Induction, by x-ray, 157-60 
Jensen 

RP2-I. to, 173 
metabolism of, 173 
nutrition of, 174-75 
otUiratlon of plasma pro- 
tein* by, 175-76 
viruses 


host speelticUy ot, 191 
Walker 

RP2.1, In, ITS 
Tyramlne, tirinary 
in determination of mono- 
amine oxidase ittblbltloo, 
364 

O 

inceraltve proctocolitis 
after ehlorpropaialde, 142 
Uneonjugated bilirubin 
to hemolytic Jaundice, 238 
"tfnmeasurcd anions, " 104, 
105 
tJranln 

In nti^y of bilirubin trans- 
port within the Itvcr, 

218 

Urate clearance 
effect of steroids on, 79 
Urea 

excretion to sweat, 291 
nrluo namotalUy aivl, 94 
Uremic ncldonfs. 101-5 
Urldtoe diphosphate glucu- 
ronic acid 

to eoojqgatlon of bUlmbln. 
224 

deficiency In newborn, 239 
Urtoe 

bilirubin In, type of. 231 
coficeatratJ^ defect 
and etrmlatlng sickle 
cells, 99 

coQceetratioa oechaalsa, 
la Infants, 95 
fortnattou 

state of nephrons and, 06 
ostQolality, maximum 
to sickle-cell anemia, 99 
red, to porphyria, 259 
specific gravity 
maximum values of, 95 
UrobUInogens, 227 
normal daUy output, 229 
Urocc^ropo r phyrto, 258 
263 

Ukopepaln 

excrelJOO, following gas- 
trectomy, 24 
to Bormals and ulcer pa- 
tients, 24 
Uroijorphyrittogen 
tramstormatloo cf porphobt- 
Itoogeu to, 253 
Uroporphyrinogen in 
transformation to coiiro- 
porphyrlnogeu QT, 

254 

Uroporphyrlnurla 
occurrence ot, 259 
to porphyria, 264 
Urticaria 

in chlorampheucol therapy, 
117 


V 

Vagotomy 

effects of on stomach, 21 
with pyloroplasty, 22 
Van AUen belt 
radiation exposure to man 
In, 311 

Van Allen Particle Belts, 313 
Van Allen Radiation Belt 
proton radiations In, 310- 
11 

Vancomycin 
toxicity c4. 128-29 
ran den Bergh 229 

direct, coupling time la, 

223 

Vasopreasto 

locus of antidturetle action, 
83 

and renal function, 82 
stimulation of ACTH by, 

326 

and urtoe osmolaltly after 
forced water Intake, 95 
V.C. 

see Vital capacity 
Venous pressure 
central 

ka gauge of blood volume, 
72. 73 

effect ot venae carte 
catheterization 00, 71 
high 

associated with low 
arterial pressure, 72 
Venous return 
adjustment of, in patient 
on beart-Iui^ machine, 

71 

VeetUatton-perfuslon 
inequalities, measurement 
of, 399 

Ventilatory fonctloo tests, 

386 

Ventricular fibrillation 
to amphotericin therapy, 

112 

Tentube" 

to TngT^wl1^m breathing 
capacity determinations, 
383 

Vibration 

to ^pace (Itgbta, 304 
tolerance for 
criteria for, 307 
Viral activity 
Inlluence of host age on, 

185 

Viral disease 

age groups and popnlatlons, 

13 

civilian adult, 44 
Infancy and childhood, 13 
military recruit, 14 
etlologlc association cri- 
teria for, 1 
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methods for establishing, 

1 . 2 

Viral hepatitis 
and cholestatic jaundice, 

235 

Viruses 

adenovirus, 1, 13 
Type 4, 14 
Type 7, 14 
Type 14, 14 
Coe, 11, 14 
coldlike virus and, 12 
effect of in suckling mice, 
12 

recovery from, in mili- 
tary recruits, 12 
Coxsackie, 9 
mice susceptible to, 186 
relationship to Coe virus, 
12 

relationship to myocardi- 
tis, 58 

croup-associated 
see para-lolluenza, type 
2 

ECHO, 9, 10, 14 
coldlike illness and, 10 
incubation period, 10 
strains 2060, JH, 9, 10 
see Reovlrus 
enterovirus and enterovi- 
rus-llke, 9, 14 
and associated Ulness, 9 
epidemiology of, 186 
FES and associated Illness. 
11, 14 

HGP and associated lUness. 
ll 

Influenza, 1, 13 
influenza A, 14 
influenza B, 14 
hemadsorption, type 1 
see para-influenza, type 
3 

hemadsorption, type 2 
see para-lnllueoza, type 
I 

latency 

and factors influencing 
host response, 186 
M.25 

see para-influenza, type 


mumps 

relationship to para- 
influenza group, 3 
myxovlrus, 2, 3, 14 
geographical occurrence, 5 
relationship to para- 
influenza group, 13, 14 
Kewcastle 

properties shared with 
para-tofluenza group, 3 
para-lnflneoza, types 1, 2, 
3, 4. 3 

adult illness associated 
with, 4 

general characteristics, 

2 , 3 

natural history of Infec- 
tion and reinfection, 4 
role in childhood illness, 

3 

Pett, 12 
polyoma 

animals susceptible to, 
191 


Infection resistance to, 
in mice, 186 
mode of action, specu- 
lations on, 187 
protection against, by 
maternal antibodies, 191 
poliomyelitis, 9 
primary atypical pneu- 
monia, 7 

antibiotic sensUlvlty, 7, 8 
associated disease, 7, 8 
eald acelutinins as Index 


of, 8 

fluorescent antibody tech- 
nique and, 7 
properties of, 185 
reovlruses, 12 
associated Illness, 13 
human pathogenicity, 13 
respiratory syncytial, 6, 

13f 14 

associated disease, 6 

common coldlike Illness 

Initial recovery, 8 
relationship to measles 
virus, 8 
Rous sarcoma 
lesions caused by, IBS 


pathogenicity for mam- 
mals, 192 
Vital capacity 
difficulties In measurement 
of, 386 

selected segments, 386 
timed volumes, 386 
Vitamin Bj2 absorption 
ileal damage and, 51 
Vitamin K, water soluble 
and BusceptlbUlty to kemlc- 
terus, 233 
Vomiting 

due to vibration in flying, 
306-7 


W 


disposal of, in space flight, 
315 

Water load 

excretion of, in plnealec- 
tomlzed animals, 331 
Water-losing nephritis, 100 
Wechsler Intelligence Scale 
in predicting alxiormal 
EEC's in children, 342 


iTelghtlessness 
in space flight, 312 
study of, in space flight, 
318 
Vheat 

In celiac sprue, 47 
Vhlpple’s disease 
diagnosis by appearance of 
intestinal 


X 


Xanthine oxidase system 
In mobilization of Iron 
from ferritin, 199 
Xenon 133 , 

as radioactive Isotope, 402 

Z 


in celiac sprue, 49 
ZoUInger-Ellison syndrome, 
33 
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